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The present invention relates to compounds of formula I, below, and pharmaceutically acceptable salts 
thereof that inhibit the protease encoded by human immunodeficiency virus (HIV) type 1 (HIV-1) or type 2 (HIV- 
2). These compounds are useful in the treatment or prevention of infection by HIV and the treatment or pre- 
vention of the resulting acquired immune deficiency syndrome (AIDS). The compounds, their pharmaceutically 

5 acceptable salts, and the pharmaceutical compositions of the present Invention can be used alone or in com- 
bination with other antivirals, immunomodulators, antibiotics or vaccines. Methods of treating or preventing 
AIDS, methods of treating or preventing HIV infection and methods of inhibiting HIV replication are disclosed. 

A retrovirus designated human immu no- deficiency virus (HIV) is the causative agent of the complex dis- 
ease termed Acquired Immune Deficiency Syndrome (AIDS), and is a member of the lentivirus family of ret- 

10 roviruses. M. A. Gonda, F. Wong-Staal, R. C. Gallo, "Sequence Homology and Morphological Similarity of HTLV 
III And Visna Virus, A Pathogenic Lentivirus", Science, 227, 1 73, (1 985); P. Sonigo, N. Alizon, et at., "Nucleotide 
Sequence of the Visna Lentivirus: Relationship to the AIDS Virus", Cell, 42, 369, (1985). The complex disease 
AIDS includes progressive destruction of the immune system and degeneration of the central and peripheral 
nervous systems. The HIV virus was previously known or referred to as LAV, HTLV-III or ARV. 

is A common feature of retrovirus replication is the post-translationai processing of precursor polyproteins 
by a virally encoded protease to generate mature viral proteins required for viral assembly and function. Inter- 
ruption of this processing appears to prevent the production of normally infectious virus. Unprocessed struc- 
tural proteins also have been observed in clones of non-infectious HIV strains isolated from human patients. 
The results suggest that the inhibition of HIV protease represents a viable method for the treatment or pre- 

20 vent ion of AIDS and/or the treatment or prevention of infection by HIV. 

The HIV genome encodes structural protein precursors known as gag and pol, which are processed to 
afford the protease, reverse transcriptase and endonuclease/integrase. The protease further cleaves gag and 
gag-pol polyproteins to yield mature structural proteins of the virus core. 

Considerable efforts are being directed toward the control of HIV by means of the structural protein pre- 

25 cursors which are processed to yield the retroviral protease, reverse transcriptase and endonuclease/inte- 
grase. For example, a currently used therapeutic AZT, is an inhibitor of the viral reverse transcriptase. H. Mit- 
suya, NS. Broder, "Inhibition of the In Vitro I nf activity in Cytopathic Effects of HTLV III", Proc. Natl. Acad. Sci. 
USA, 83, 1911 (1986). 

Research efforts have also been directed toward HIV protease inhibitors. For example, European Patent 
30 Application 346 847 discloses compounds which are said to be useful as HIV protease inhibitors. 

Unfortunately, many of the known HIV protease inhibitors suffer from toxicity problems, lack of bioavail- 
ability or short in vivo half-lives. In particular, it is believed that oral bioavailability is a necessary characteristic 
of an HIV protease inhibitor due to the chronic nature of the disease. However, peptides and peptide mi me tics 
are notorious for their inability to be orally absorbed. Thus, despite the recognized therapeutic potential asso- 
35 ciated with a protease inhibitor and the research efforts expended thus far, a viable therapeutic agent has not 
yet emerged. 

Accordingly, a primary object of the present invention is to provide novel HIV protease inhibitors which 
are useful in the treatment or prevention of HIV infection and/or the resulting acquired immune deficiency syn- 
drome (AIDS). 

40 The present invention provides a compound of formula I 
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wherein: 

R and R° are independently selected from hydrogen, C r C e alkyl, aryt(C,-C 4 )alkyl, heterocycle(C 1 -C 4 )al- 
55 kyt or unsaturated heterocyde(C r C 4 )aIkyt; 

or R and R° are combined with the nitrogen atom to which they are attached to form a heterocycle or 
unsaturated heterocycle with the proviso that the nitrogen atom may not be quaternized; 
Z is a group having the structure: 
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qis 0,1, 2, 3 or 4; 
ris 0 t 1, 2 or 3; 
s is 0, 1 or 2; 

R2 is hydrogen, halo, C r C 6 alkyl, aryi(Ci-C 4 )aIkyl, C r C 6 alkoxy, C r C 6 alkylthio, amino, C,-C 4 alkyia- 
mtno, di(C 1 -C 4 )a!kytamino t carbamoyl or N-(C r C 4 )a]kyicarbamoyi; 

R 1 is aryl, heterocycie, unsaturated heterocycle, C r Cj cycloaikyl or -S-R 1a . where R 1a is aryl, hetero- 
cyde, unsaturated heterocycle or C5-C7 cycloaikyl; 

X is a group having the structure: 




Y is aryl or unsaturated heterocycle; 
Y 1 is heterocycle; 

R 3 " is a group having the structure: 
1)-C(0)-NR«R*, 




or 
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R*> is a group having the structure: 

0 

" 6 

1) — N— C— R 6 , 

Is 

O 

2) — N— C NR 4 R 4 , 

or 




p is 4 or 5; 
I is 3, 4 or 5; 

R* at each occurrence is independently hydrogen, C,-C« alkyt or hydroxy(C r C 4 )alkyl; and 
R 5 and R e are independently selected from hydrogen, hydroxy, C t -C e alkyl, C r C e alkoxy, amino, C r C 4 
alkylamino, hydroxy(C r C 4 )alkyl, carboxy, C t -C 4 alkoxycarbonyl, carbamoyl, r4-(C r C 4 )a!kylcarbamoyl, aryl, 
heterocycle or unsaturated heterocyde; 
or a pharmaceutically acceptable salt thereof. 

All temperatures stated herein are in degrees Celsius (°C). All units of measurement employed herein are 
in weight units except for liquids which are In volume units. 

As used herein, the term "CrC e alkyl" represents a straight or branched alkyl chain having from one to 
six carbon atoms. Typical C r C e alkyl groups include methyl, ethyl, propyl, isopropyt, butyl, isobutyl, sec-butyl, 
f-butyl, pentyl, neo-pentyl, hexyl and the like. The term "C r C* alkyl" includes within its definition the term "C,- 
C 4 alkyl". 

"Halo" represents chloro, fluoro, bromo or iodo. 

"Halo(C r C 4 )alkyT represents a straight or branched alkyt chain having from one to four carbon atoms with 
1-3 halogen atoms attached to it Typical halo(C 1 -C 4 )alkyl groups include chioromethyl, 2-bromoethyl, 1-chlor- 
oisopropyl, 3-fluoropropyl, 2,3-dibromobutyl, 3-chloroisobutyl. iodo-f-butyl, trifluoromethyl and the like. 

"Hydroxy(C r C 4 )alkyf" represents a straight or branched alkyl chain having from one to four carbon atoms 
with a hydroxy group attached to It Typical hydroxyfd-C^alkyl groups include hydroxymethyl, 2-hydroxyethyt, 
3-hydroxypropyl, 2-hydroxyisopropyl, 4-hydroxybutyl and the like. 

"C r C e alkylthio" represents a straight or branched alkyl chain having from one to four carbon atoms at- 
tached to a sulfur atom. Typical C r Ce alkylthio groups include methylthio, ethylthio, propylthio, isopropylthio, 
butylthio, seobutylthio, /-butylthio, pentylthio, hexylthio and the like. 

•C r C 4 alkylamino" represents a straight or branched alkyt chain having from one to four carbon atoms 
attached to an amino group. Typical d-C 4 alkylamino groups include methytamino, ethylamino, propylamino, 
isopropylamino, butyiamino, seo-butytamino and the like. 
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"Di(C,-C 4 )alkylamino" represents two straight or branched alky) chains having from one to four carbon 
atoms attached to a common amino group. Typical di(CrC 4 )alkytamino groups include dimethyiamino. ethyl- 
methylamino, methyl propyl amino, ethylisopropylamino, but yi me thyt amino, sec-butylethyianriino and the like. 

"C r C e alkoxy" represents a straight or branched alkyi chain having from one to six carbon atoms attached 
to an oxygen atom. Typical C,-C 6 alkoxy groups include methoxy, ethoxy, propoxy, isopropoxy, butoxy, sec- 
butoxy, f-butoxy, pentoxy, hexoxy and the like. The term "C r C e alkoxy* Includes within its definition the term 
"C r C 4 alkoxy". 

"C r C 4 alkoxycarbonyl" represents a straight or branched alkoxy chain having from one to four carbon 
atoms attached to a carbonyi moiety. Typical C r C 4 alkoxycarbonyt groups include methoxycarbonyl, ethoxy- 
carbonyl, propoxy carbonyi, isopropoxycarbonyl, butoxycarbonyl and the like. 

"N-(C r C 4 )alkyicarbamoyl" represents a straight or branched alkyl chain having from one to four carbon 
atoms attached to the nitrogen atom of a carbamoyl moiety. Typical N-(C,-C 4 )alkylcarbamoyl groups include 
N-methylcarbamoyl. N-ethylcarbamoyt, N-propyi carbamoyl, N-isopropyicarbamoyt f N-butylcarbamoyl and N- 
f-butylcarbamoyl and the like. 

"C5-C7 cycloalkyl" represents a saturated hydrocarbon ring structure containing from five to seven carbon 
atoms which is unsubstituted or substituted with 1, 2 or 3 substituents independently selected from halo, 
halo(C r C 4 )alkyl, C r C 4 alkyl, C r C 4 alkoxy, carboxy, C r C 4 alkoxycarbonyt. carbamoyl, N-(Cf-C 4 )alkytcarba- 
moyl, amino, C r C 4 alkylamino, di(C r C 4 )alkylamino or a group having the structure -(CH 2 ),-R 7 where a is 1 , 
2, 3 or 4 and R 7 is hydroxy, C r C 4 alkoxy, carboxy, C t -C 4 alkoxycarbonyl, amino, carbamoyl, C t -C 4 alky (amino 
or di(C r C 4 )alkyiamino. Typical cycloalkyl groups include cydopentyi, cyctohexyl, cycloheptyl, 3-methytcydo- 
pentyl, 4-ethoxycydohexyl, 5-carboxycydo-heptyl, 6-chlorocydohexyl and the like. 

The term "heterocyde" represents an unsubstituted or substituted stable 5- to 7-membered monocyclic 
or 7- to 10-membered bicydic heterocydic ring which is saturated and which consists of carbon atoms and 
from one to three heteroatoms selected from the group consisting of nitrogen, oxygen or sulfur, and wherein 
any nitrogen and sulfur heteroatoms may optionally be oxidized, and any nitrogen heteroatom may optionally 
be quaternized and induding a bicydic group in which any of the above-defined heterocydic rings is fused to 
a benzene ring. The heterocydic ring may be attached at any heteroatom or carbon atom which affords a stable 
structure. The heterocycle is unsubstituted or substituted with 1 , 2 or 3 substituents independently selected 
from halo, halo(C r C 4 )alkyl, C r C 4 alkyl, C,-C 4 alkoxy, carboxy, C r C 4 alkoxy carbonyi, carbamoyl, N-(C r C 4 )al- 
kylcarbamoyl, amino, (VC 4 alkylamino, di(C t -C 4 )alkylamino or a group having the structure -(CH 2 ),-R 7 where 
a is 1 , 2, 3 or 4 and R 7 is hydroxy, C r C 4 alkoxy, carboxy, C r C 4 alkoxycarbonyl, amino, carbamoyl, C r C 4 al- 
kylamino or difCrC^alkyiamino. 

The term "unsaturated heterocyde" represents an unsubstituted or substituted stable 5- to 7-membered 
monocydic or 7- to 10-membered bicydic heterocydic ring which has one or more double bonds and which 
consists of carbon atoms and from one to three heteroatoms selected from the group consisting of nitrogen, 
oxygen or sulfur, and wherein the nitrogen and sulfur heteroatoms may optionally be oxidized, and the nitrogen 
heteroatom may optionally be quarternized and induding a bicydic group in which any of the above-defined 
heterocyclic rings is fused to a benzene ring. The unsaturated heterocydic ring may be attached at any het- 
eroatom or carbon atom which affords a stable structure. The unsaturated heterocyde is unsubstituted or sub- 
stituted with 1, 2 or 3 substituents independently selected from halo, haio(C 1 -C 4 )alkyl, C r C 4 alkyl, Ci-C 4 al- 
koxy, carboxy, C r C 4 alkoxycarbonyl, carbamoyl, N-(C r C 4 )alkytcarbamoyl, amino, C!-C 4 alkylamino, di(C r 
C 4 )alkylamino or a group having the structure -(CH 2 ),-R 7 where a is 1,2, 3 or 4 and R 7 is hydroxy, C r C 4 alkoxy, 
carboxy, C r C 4 alkoxycarbonyl, amino, carbamoyl, C r C 4 alkylamino or di(C r C 4 )alkylamino. 

Examples of such heterocydes and unsaturated heterocydes indude piperidinyl, piperazinyl, azepinyl, 
pyrrolyl, pyrrolidinyl, pyrazolyl, pyrazolidinyl, Imidazolyl, imidazoline, imidazolidinyl, pyridyl, pyrazinyi, pyrimi- 
dinyl, pyridazinyl, oxazolyl. oxazolidinyl, isoxazolyi, isoxazdidinyl, morpholinyl, thiazolyl, thiazolidinyl, isothia- 
zolyt, quinudidinyl, isothiazolidinyl, indolyl, quinolinyl, isoquinotinyt, benzimidazolyl.thiadiazolyl, benzopyranyl, 
benzothiazoJyl, benzoazolyl, furyl, tetrahydrofuryl, tetrahydropyranyl, thienyl, benzothienyl, thiamorpholinyl, 
thiamorpholinylsulfoxide, thiamorpholinyl sulfone, oxadiazolyt, triazolyl, tetrahydroquinolinyl, tetrahydrisoqui- 
nolinyl, 3-methylimidazolyl, 3-methoxy pyridyl, 4-chloroquinolinyl, 4-aminothiazolyl, 8-methylquinolinyl, 6- 
chloroquinoxalinyl, 3-ethylpyridyl, 6-methoxybenzimidazolyl, 4-hydroxyfuryl, 4-methyiisoquinolinyl, 6,8-dibro- 
moquinolinyl, 4,8-dimethytnaphthyl, 2-methyl-1,2 t 3,4-tetrahydroisoquinolinyl, N-methyl-quinolin-2-yl, 2-t-bu- 
toxycarbonyl-1, 2,3,4- isoquinolin-7-yl and the like. 

"Heterocyde(C 1 -C 4 )alkyl" represents a straight or branched alkyi chain having from one to four carbon 
atoms with a heterocyde group attached to it "Unsaturated heterocyde(C r C 4 )alkyl" represents a straight or 
branched alkyl chain having from one to four carbon atoms with an unsaturated heterocyde group attached 
to it Typical heterocydefCi-COalkyl and unsaturated heterocyde(C r C 4 )alkyl groups indude pyrroiyimethyl, 
quinolinylmethyi, 1 -indolyl ethyl, 2-furylethyl, 3-thien-2-ylpropyl, 1-imidazolytisopropyl, 4-thiazolylbutyl and the 
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like. 



"Aryl" represents a phenyl or naphthyt ring which is optionally substituted with 1, 2 or 3 substituents in- 
dependently selected from halo, morpholino(C r C 4 )alkoxycarbonyl ( pyridyKC r C 4 )alkoxycarbonyl, halo(C r 
C 4 )alkyi, d-C 4 alkyi, C r C 4 alkoxy, carboxy, 0,-04 aikoxycarbonyl, carbamoyl, N-{C 1 -C 4 )alkytcarbamoyl, ami- 
no, Ci-C 4 alkyiamino, di(C r C 4 )aikyl amino or a group of the formula -(OH^.-R 7 where a is 1 , 2, 3 or 4; and R 7 
is hydroxy, C r C 4 alkoxy, carboxy, 0,-04 aikoxycarbonyl, amino, carbamoyl, C,-C 4 alkylamino or di(C r C 4 )al- 
kylamino. 

"ArylfOi-C^alkyr represents a straight or branched alkyt chain having from one to four carbon atoms with 
an aryl group attached to it Typical aryJ(Ct-C 4 )alkyl groups include phenyl methyl, 2-phenylethyt, 3-naphthyi- 
propyl, 1-naphthylisopropyl, 4-phenylbutyl and the like. 

The term "ammo-protecting group" as used in the specification refers to substituents of the amino group 
commonly employed to block or protect the amino functionality while reacting other functional groups on the 
compound. Examples of such amino-protecting groups include formyl, trityl, phthalimido, trichloroacetyl. chlor- 
oacetyl, bromoacetyi, iodoacetyl; or urethane-type blocking groups such as benzytoxycarbonyl, 4-phenylben- 
zyloxycarbonyl, 2-methyibenzyloxycarbonyl, 4-methoxybenzyloxycarbonyl, 4-fluorobenzyloxycarbonyl, 4- 
chlorobenzyloxycarbonyt, 3-chlorobenzyloxycarbonyl, 2-chlorabenzyloxycarbonyi, 2,4-dichlorobenzyloxycar- 
bonyt, 4-bromobenzytoxycarbonyl, 3-bromobenzyloxycarbonyl, 4-nitrobenzyloxycarbonyl, 4-cyanobenzyloxy- 
carbonyl, 2-(4-xenyl)isopropoxycarbonyi, 1,1-diphenyieth-1-yloxycarbonyl, 1,1-diphenylprop-1-y1oxycarbonyl ( 
2-phenylprop-2-yloxycart)onyl, 2-(p-toluyi)prop-2-yioxycarbonyt, cyclopentanyioxycarbonyi, 1-methylcyclo- 
pentanyloxycarbonyl, cyclohexanyloxycarbonyl, 1-methylcydohexanytoxycarbonyi, 2-methylcyclohexanyloxy- 
carbonyl, 2-(4-toluylsulfonyl)ethoxycarbonyl, 2-(methytsulfonyl)ethoxycarbonyi, 2-(triphenyiphosphino)ethox- 
ycarbonyl, fluorenylmethoxycarbonyl ("FMOC"), 2-{trimethylsilyl)ethoxycarbonyl, allyloxycarbonyi. 1-(trime- 
thylsilylmethyl)prop-1-enyloxycarbonyl, 5-benzisoxalylmethoxycarbonyl. 4-acetoxybenzyloxycarbonyi, 2,2,2- 
trichloroethoxycarbonyl, 2-ethynyl-2-propoxycarbonyl, cyciopropylmethoxycarbonyl, 4-<decyioxy)benzyloxy- 
carbonyl, Isobornyloxycarbonyl, 1-piperidyloxycarbonyl and the like; or benzoylmethyisulfonyl, 2-nitrophenyl- 
sulfenyt, diphenylphosphine oxide and like amino-protecting groups. The species of amino-protecting group 
employed is not critical so long as the derivatized amino group is stable to the condition of subsequent reac- 
tion (s) on other positions of the intermediate molecule and can be selectively removed at the appropriate point 
without disrupting the remainder of the molecule including any other amino-protecting group(s). Preferred 
amino-protecting groups are f-butoxycarbonyi (f-Boc) and benzyloxycarbonyi (CbZ). Further examples of 
groups referred to by the above terms are described by J. W. Barton, 'Protective Groups in Organic Chemistry - , 
J. G. W. McOmie, Ed., Plenum Press, New York, N.Y., 1973, Chapter 2, and T. W. Greene, "Protective Groups 
in Organic Synthesis", John Wiley and sons, New York, NX 1981, Chapter 7. 

The term "carboxy-protecting group" as used in the specification refers to substituents of the carboxy 
group commonly employed to block or protect the carboxy functionality while reacting other functional groups 
on the compound. Examples of such carboxy-protecting groups include methyl, p-nitrobenzyl, p-methyl benzyl, 
p-methoxybenzyl, 3,4-dimethoxybenzyi, 2,4-dimethoxy benzyl, 2,4,6-trimethoxybenzyl, 2.4,6-tri methyl benzyl, 
pentamethylbenzyl, 3,4-methylene-dioxybenzyl, benzhydryl,4 ( 4 -dimethoxybenzhydryi, 2,2,4,4'-tetramethox- 
ybenzhydryl, f-butyl, f-amyl, trityl, 4-methoxytrityl, 4,4 , -dimethoxytrityl,4,4 , ,4"-trimethoxytrityl, 2-phenyiprop- 
2-yl, trimethylsilyl, f-butyldimethylsilyl, phenacyi, 2,2,2-trichloroethyl, p-(di(n-butyl)methylsilyl)ethyl, p-tolue- 
nesulfonylethyi, 4-nitrobenzylsulfonylethyl, allyl, cinnamyl, 1-(trimethylsilylmethyl)prop-1-en-3-yl and like moi- 
eties. A preferred carboxy-protecting group is benzhydryl. Further examples of these groups are found in E. 
Haslam, "Protective Groups in Organic Chemistry", J.G.W. McOmie. Ed., Plenum Press, New York, N.Y., 1 973, 
Chapters, and T.W. Greene, "Protective Groups in Organic Synthesis", John Wiley and Sons, New York, N.Y., 
1981, Chapter 5. 

The compounds of the present invention have at least two asymmetric centers denoted by an asterisk in 
the formula below: 
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As a consequence of these asymmetric centers, the compounds of the present invention can occur as mixtures 
of diastereomers, racemic mixtures and as individual enantiomers. All asymmetric forms, individual isomers 
and combinations thereof, are within the scope of the present invention. 

As mentioned above, the invention includes the pharmaceutical ly acceptable salts of the compounds de- 

5 fined by formula I. Although generally neutral, a compound of this invention may possess a sufficiently acidic, 
a sufficiently basic, or both functional groups, and accordingly react with any of a number of inorganic bases, 
and inorganic and organic acids, to form a pharmaceutically acceptable salt 

The term "pharmaceutically acceptable salt" as used herein, refers to salts of the compounds of the above 
formula which are substantially non-toxic to living organisms. Typical pharmaceutically acceptable salts in- 
to elude those salts prepared by reaction of the compounds of the present invention with a mineral or organic 
acid or an inorganic base. Such salts are known as acid addition and base addition salts. 

Acids commonly employed to form acid addition salts are inorganic acids such as hydrochloric acid, hy- 
dro bromic acid, hydroiodic acid, sulfuric acid, phosphoric acid, and the like, and organic acids such as p-tol- 
uenesulfbnic, methanesulfonicackt, oxalic acid, p-bromophenyisulfonic acid, carbonic acid, succinic acid, citric 

is acid, benzoic acid, acetic acid, and the like. 

Examples of such pharmaceutically acceptable salts are the sulfate, pyrosutfate, bisulfate, sulfite, bisulfite, 
phosphate, mono hydrogen phosphate, dihydrogenphosphate, metaphosphate, pyrophosphate, chloride, bro- 
mide, iodide, acetate, propionate, decanoate, capryfate, acryiate, formate, isobutyrate, caproate, heptanoate, 
propiolate, oxalate, malonate, succinate, su berate, sebacate, fumarate, maleate, butyne-1,4-dioate, hexyne- 

20 1 ,6-dioate, benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxybenzoate, methoxybenzoate, 
phthalate, sulfonate, xylenesulfonate, phenylacetate, phenytpropionate, phenylbutyrate, citrate, lactate, y-hy- 
droxybutyrate, glycollate, tartrate, methanesuffonate, propanesutfonate, naphthalene-1 -sulfonate, napththa- 
lene-2-sulfonate, mandelate and the like. Preferred pharmaceutically acceptable acid addition salts are those 
formed with mineral acids such as hydrochloric acid and hydrobromic acid, and those formed with organic acids 

25 such as maleic acid and methanesulfonic acid. 

Base addition salts include those derived from inorganic bases, such as ammonium or alkali or alkaline 
earth metal hydroxides, carbonates, bicarbonates, and the like. Such bases useful in preparing the salts of 
this invention thus include sodium hydroxide, potassium hydroxide, ammonium hydroxide, potassium carbon- 
ate, sodium carbonate, sodium bicarbonate, potassium bicarbonate, calcium hydroxide, calcium carbonate and 

30 the like. The potassium and sodium salt forms are particularly preferred. 

It should be recognized that the particular counterion forming a part of any salt of this invention is not of 
a critical nature, so long as the salt as a whole is pharmacologically acceptable and as long as the counterion 
does not contribute undesired qualities to the salt as a whole. 

Preferred compounds of this invention are those compounds of formula I where: 

35 2 is 



40 




R 1 is aryi or -S-R 1 « where R 1 * is aryl; 
R 2 Is hydrogen or C r C 6 aikyi; 
45 qlsOorl; 
Xis 



50 




55 and 

R 3 * is -C(0)-NR*R\ where R* is as defined above; or a pharmaceutically acceptable salt thereof. 
Of these preferred compounds, more preferred are those compounds where: 
Y is phenyl; 
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Y 1 is decahydro-(4aS, 8aS)-isoquinoliny1; and 
R J is -C(0)NH(f-butyl); 
or a pharmcaceuticatly acceptable salt thereof. 

Of these preferred compounds, especially preferred are those compounds wherein: 
R and R° are combined with the nitrogen atom to which they are attached to form a heterocyde or un- 
saturated heterocycle with the proviso that the nitrogen atom is not quaternized; 
or a pharmaceutically acceptable salt thereof. 
The most preferred compounds are: 




[3 ,H S.f3' w R- 4"S*;7-N-[1^oxo-1^<3M1 M ^oxc^ 

bamido)phenyflpentyl-4"-methyl)pheny1]methyi-1 f 2,3,4-tetrahydroisoquinoline; 




NH(t-butyl) 



[3S-(3R*4aR\8aR',2'S m t 3'R*)]-2-[2'-hy4ro^ 

soquinolin-2 m -ylcarbonyl]-6 M - methyl)pheny1]pentyl-decahydroisoquinoline-3-N-f-butylcarboxamide; and 




NH(t-butyl) 
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za-3'"-quinolirv2 ,H, -ylpropyt}^wneth^ or a phar- 

maceutically acceptable salt thereof. 

The following list of compounds is provided to further illustrate compounds of formula I included within 
the scope of the invention: 

bamido)phenyl]pentyl-4"-bromo]phenyl)methyl]-1 t 2 t 3 t 4-tetrahydroisoquinoline; 

[3 ,w s-(3"Rv~s*;7-N^r^o^ 

bamido)phenynpentyl-4 M -methyl]phenyl)methyl]1,2 ( 3,4-tetrahydroisoquinoIine; 

P^S-^T^-S^N-ir^c-r-f^ 
carbamido)pheny1]pentyi^"-methyl]phenyi)methyl]-1 t 2 ? 3,4-tetrahydroisoquinoline; 

[3 m S-r3"'R* ( 4"S*;>N-[r-oxo-r-(3^ 
carbamido)pheny1]penty1^"HTiethoxy]phenyl)methylJ-1,2 > 3,4-tetrahydroisoquinoline; 

[3'"S-(3^4-S^N-[1^oxo-1^ 
bamldoJphenylJpentyM'-methylthioJphenylJmethylhl^.S^tetrahydroisoquinoline; 

\ar&-(3 m R*,4 m 8y -N-[1'^xo-1^(3M1' M ^xo-r^ 

butyl-carbamido)phenyljpentyM M -methy1thio]phenyl)methyl]-1 f 2 f 3,4-tetrahydroisoquinoline; 

P'-S-^'R*. 4"'S*;>N-[1^oxo-1X3 , ^r^oxo-2^^ 
carbamido)phenyl]pentyl-4"-amino]phenyl)methy1}-1 ( 2 f 3 i 4-tetrahydroisoquinoline; 

P ,w S-f3"'R*,4 m $*;]-N-[1 '-oxo-1 '-(3"-[1 m ^xc-2 m -aza-3 m -phenylmethyt^ 
carbamido)phenyl]pentyMV3itamoyl]phen^ 

[3S-f3R*. 4aR m , 8aR*, 2'$^ 37?^2-P^hydroxy-3'-naphtrh2^ 
3 ,,, ( 4 M, -tetrahydroisoquinolin-2" , -ylcarbonyl)-6 M -methyl)phenyl]pentyl decahydroisoquinoline-3-N-/-butylcar- 
boxamide; 

l3S-(3R;4aR;8aR*,2'S:3'R 7>2-PMiydroxy-3-phenyUhiomethyM'-a^ 
tetrahydroisoquirK)lin-2 w, -y1carbonyl)-6^ethy1)phenyi]pent^ dec2hydroisoquirToline-3-N-^butyicart>oxamide; 
[3S-(3R^4aR*8aR^2'S^3 , R•J]-2-[2^hy 

3"\4 w -tetrahydroisoquinolin-2 M, -ylcaitonyl)-6".methyl)phenyl]pentyldecahydroi 
boxamide; 

[3S-r3R^4aR^8aR^2'S^3'S # ;l-2-P^hydroxy-3 , ^ 
rahydroisoquinolin-2 w, -ylcarbonyl)-6 M -chloro)pheny1]pentyl decahydroisoquinoline-3-N-f-butylcarboxamide; 

pS-^3R^4aR^8aR^2'S^37r;^2^2^hyd^oxy-3 , -phenyim^^ 4 m -tet- 
rahydroisoquindin-2 m -ylcarbonyl)^-rnethoxy)phenyllpen^ decahydroisoquinoline-3-^butylcartx>xarnide; 

[3S-f3R^4aR^8aR^2'S^3'R # ;]-2-[2'-hy^ 
hydroisoquindin-Z"-ylcart)onyt^ decah^roisoquindine-3-N-f-biJtylcarboxamide; 

PS-(3R^4aR^8aR^2'S^37*:)}-2-p , -hydroxy-3^ph 
rahydroisoquinolirv2 m -ylrart>onyl^ pentyl derahydroisoquinoline-3-^butylcarboxamide 

[3S-f3R^4aR^8aR^2 , S^3R*;^2-[2 , -hyd^oxy-3 , -phenylmemyi^ , .aza-5 , K>xo-5^ 
thylaza-3 w '-quinolin-2 tm -ylpropyl]-6 ,, .bromo)phenylJpenty1 decahydroisoquinoline-3-N-/-butylcarboxamide; 

[3S-(3R^4aR^8aR^2'S^3'R•;]-2-[2 , -hyd^ 
thylaza-3 ,M -quinolin-2 ,m -ylpropyl]-6' , -ethoxy)phenyl]pentyl decahydroisoquinoline-3-N-f-butylcarboxamide; 

PS-(3R^4aR^8aR^2'S^37^]-2-P'-hydroxy-3^naphm^^ 
2"'-r^methylaza-3 m -quinolirv2 ,w -^ 

PS-(3R*4aR^8aR^2'S^37?*;l-2-P^hydlT>^ 
ethylaza-3 m ^uinoIin-2 ,H, -ylpropyl]-6"-bromo)phenyilpentyl decahydroisoquinoline-3-N-f-butylcarboxamide; 

PS-(3R^4aR^8aR^2'S^37?:)f2-p•-hydroxy-3 , -ph 
thylaza^"'-quinoIin-2 tm -y!butyl]-6 M -bromo)phenyl]pentyl decahydroisoquinoline-3-N-f-butyicarboxamlde; 

[3S-(3R^4aR^8aR^2'S^3'R*j^2^hydroxy-3•-phenyl^^^ 
thylaza-S^-quinolin-S^.ylpropyO-e^methylJphenyilpentyl decahydroisoquinoline-3-N-f.butylcarboxamide; 

[3S-^4aR^8aR^2'S^37?:))-2^hydroxy-3'-naptt 
N-nrcthylaza-3 w ^uinc*in-2~^ decahydroisoquindine-3-N-f-butylcart)oxamide; 

[3S-(3R^4aR^8aR^2 , S^37?*;]-2^2 , -hydroxy-3^ 
3 M, -quinolin-2 w,, -ylpropyl]-6"-bromo)phenyl]pentyl decahydroisoquinoline-3-N^-butylcarboxamide; 

[3S-(3R^4aR^8aR^2'$^3'R # ;)-2-[2^hy^ 
3 M Vnaphth-2 m '-ylpropyl]-6 w -methyl)phenyl]pentyl decahydroisoquinoline-3-N-f-butylcarboxamide; 

P'R-^T^'S^-p^hydroxy-S'-phenyimeta^ 
yl)propyl-6 H -methyl)phenyl]pentyl-N.f-buty1benzamide; 

P'R-^'R^'SV^-P'-hydroxy-^ph 
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nolin-a^-yiJpropyl-e^-methylJphenyQpentyl-N-f-butylbenzamlde; 

quinolin-2 w, -yl)propyl-6 ,, -methyl)phenyl]pentyl-N-f-butylberi2amide; 

P'R-lT/^'S^-P'-hydroxy-^phen^ 
(8 ,m -methylquinoliiv2 ,m -yl))^ 

P'R-^^'S^-P'-hydroxy-^pheny^ 
yl)propy1-6 H -chloro)pheny1]penty1-N-f-butylbenzamide; 

P'RHr/^'S^-P^hydroxy-S'-pheny^ 
2 ,w -yl)propyl-6"-methyl)phenyI]pentyl-N-f-butylben2amide; 

P'R-^V^rS^-P'-hydra^ 
yl)propyl-6 H -methyl)phenyl]pentyi-4-methyl-N-/-butylben2amide; 

P'R^T^'S^-p^hydroxy-^phenylmeth^ 
id-^^-ylJpropyl-e'-methyOphenyllpentyl-N-f-butylbenzamide; 

[2'R- ^T^'S^-P'-hydroxy-S'-phenylmeth^ 
yl)propyl-6 M -methyt)phenyi]pentyl-N-f-butytprolinamide; 

pS-pR^aR^aR^^T^^'-hydro^ 
thylaza-3 m -pyrid-2 ,w -ylpropyl]-6"-methy1)phen 

P'R-^T^'S^-P'-hydroxy-S'-phenylmett^ 
id-3""-yl)-propyl-6"-methyl)phenyl]pentyi-N-t-butylbenzamide; 

P'R-^T^'S^-P'-hydroxy-S'-phen^ 
4 ,m -yl)propyl-6"-methyl)phenyl]pentyl-N-f-butylbenzamide; 

P'R-^T^'S^-P'-hydroxy-S^phenylmethyl^ 
phenyl-propyl-6 M -methyl)phenyl]pentyl-N-/-butylbenzamide; 

P'R-^'/^'S^-P'-hydroxy-S'-p^ 
naphth-2 ,M '-yl>propyt-6 M -methyt)phenyl]pentyl-N-f-butylbenzamide; 
or a pharmaceutically acceptable salt thereof. 

The compounds of formula I can be prepared according to the following Reaction I. 



Reaction I 



H-jN 




0 0 



OH 



R° 



(IA) 



(IB) 



(coupling) 



0 O 
II II 



H OH 



(I) 



where R, R°, R 1 , X and Z are as defined above. 

Reaction I is a standard coupling reaction commonly employed in the synthesis of peptides which ts carried 
out by reacting a appropriately substituted amine of formula IA, with an appropriately substituted carboxyllc 
acid reactant of formula IB, or an activated derivative thereof, in an aprotic solvent or mixture of solvents. The 
reaction is preferably carried out in the presence of a coupling reagent Typical aprotic solvents for this reaction 
are tetrahydrof uran and dimethylformarnide, preferably a mixture of such solvents. The reaction is carried out 
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at a temperature from about -30°C to about 25°C. The amine reactant is generally employed in equi molar pro- 
portions relative to the carboxylic acid reactant, in the presence of an equi molar quantity to a slight excess of 
the coupling reagent Typical coupling reagents include the carbodiimides such as dtcyclohexylcarbodiimide 
(DCC) and N.N'-diethyicarbodiimide; the imidazoles such as carbonyJdiimtdazole; as well as reagents such 
as bis(2-oxc-3-oxazolidinyl)phosphinic chloride (BOP-CI) or N-ethoxycarbonyt-2-ethoxy-1 v 2-dthydroquinoline 
(EEDQ). A preferred coupling reagent for this reaction is DCC. A promoting agent maybe included for this re- 
action; a preferred promoting agent is hydroxybenzo-triazoJe hydrate (HOBTHjO). 

Once the reaction is complete, the compound may be isolated, If desired, by procedures known in the art, 
for example, the compound may be crystallized and then collected by filtration, or the reaction solvent may 
be removed by extraction, evaporation or decantation. The compound may be further purified, if desired, by 
common techniques such as crystallization or chromatography over solid supports such as silica gel or alu- 
mina. 

The compounds of the formula IA where X is a group having the formula 




can be prepared according to the procedures shown below in Reaction Scheme A. 



Reaction Scheme A 




(Weinreb amide) 



5 • reduction 



6. deprotection 




where: 
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R b is an amino-protecting group; and 
R 1 , R te and Y are as defined above. 
Reaction Scheme A, above, is accomplished by carrying out reactions 1-6 in sequential order. Once a re- 
action is complete, the intermediate compound may be isolated, if desired by procedures known in the art for 
5 example, the compound may be crystallized and then collected by filtration, or the reaction solvent may be 
removed by extraction, evaporation or decantation. The intermediate compound may be further purified, if 
desired, by common techniques such as crystallization or chromatography over solid supports such as silica 
gel or alumina, before carrying out the next step of the reaction scheme. 

In Reaction A. 1, the reaction is typically carried out by activating, that is, converting, a suitably substituted 
10 ary! or unsaturated heterocycle carboxylic acid to the corresponding acyt chloride or acyl bromide by reaction 
with thionyl chloride, thionyt bromide, phosphorous trichloride, phosphorous tribromide, phosphorous pentab- 
romide or phosphorous pentachloride according to procedures and under conditions known in the art. Suitable 
aryl, heterocycle or unsaturated heterocycle carboxylic acid compounds are commercially available or pre- 
pared by standard procedures known in the art 
15 In Reaction A.2, the acyl chloride or acyt bromide, prepared in Reaction A1, is reacted with ammonia or 
a primary or secondary amine having the formula 

H-NR«R* 



20 



30 




35 

where R 4 , R 6 , R 6 and p are as defined above for formula I, in a nonpolar aprotic solvent or mixture of solvents 
in the presence or absence of an acid scavenger to afford the corresponding amide. The reaction is typically 
carried out at a temperature of from about -20°C to about 25°C. Typical solvents for this reaction include ethers 
and chlorinated hydrocarbons, preferably diethylether, chloroform or methylene chloride. Preferably, this re- 

40 action is carried out in the presence of an acid scavenger such as a tertiary amine, preferably triethylamine. 
In Reaction A3, the amide prepared in Reaction A.2 t is reacted with a strong base in the presence of a 
solubllizing agent to afford the corresponding anion which is then reacted in Reaction A.4 with a Weinreb amide 
to afford a ketone. Reaction A.3 is carried out in an aprotic solvent at a temperature of from about -78°C to 
about 0°C. Typical bases used in Reaction A3 include lithium amide bases and alky! lithium bases, preferably 

45 C r C 4 alkyl lithium bases and lithium di(C r C 4 )aJkylamide bases. Typical sotubilizing agents for Reaction 3 are 
tetramethyt(C r C 4 )alky1enediamine3 f preferably tetramethylethylenediamine. Reaction A.4 is carried out in an 
aprotic solvent at a temperature from about -80°C to about -40°C. Typical solvents for Reactions A.3 and A4 
include ethers, preferably tetrahydrof uran. In Reaction A4, the anion is generally employed in an amount rang- 
ing from about e qui molar proportions to about a three molar excess of the anion, preferably in about a two 

so molar excess of the anion relative to the Weinreb amide reactant 

In Reaction A.5, the ketone prepared in Reaction A3, is reduced to the corresponding alcohol using a suit- 
able reducing agent The reaction is carried out in a protlc solvent at a temperature of from about -25°C to 
about 25°C. Typical reducing agents for this reaction include sodium borohydride, lithium borohydride, diiso- 
butylaluminum hydride, and sodium bis(2-methoxyethoxy)aluminum hydride. A preferred reducing agent is so- 

55 dium borohydride. Typical protic solvents for this reaction include alcohols, preferably ethanoJ. 

Reaction A.6 is a standard amino deprotection reaction using procedures and methods known in the art 
to afford the corresponding amine which is used in Reaction I above. This amine may be reacted without pur- 
ification, but it is preferably purified first 
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The compounds of formula IA where X is a group having the structure 




10 are prepared according to the procedures shown below in Reaction Scheme B. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



H,C 



\ 




Reaction Scheme B 



1 .di ( t-butyl) dicarbonate 



heat 



Boc-N 
H 




2. strong base 



3. H 
R b> 

R 



R b ~N 



(Weinreib amide) 




4. reduction 



5. deprotection 



R b -N 




6. acylation 



7. deprotection 




where R b t R 1 , Y and R 3 * are as defined above. 

Reaction Scheme B t above, is accomplished by carrying out reactions 1-7 in sequential order. Once a 
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reaction is complete, the intermediate compound may be isolated by procedures known in the art, for example, 
the compound may be crystallized and then collected by filtration, or the reaction solvent may be removed by 
extraction, evaporation or decantation. The intermediate compound may be further purified, If desired, by 
common techniques such as crystallization or chromatography over solid supports such as silica gel or alu- 
mina, before carrying out the next step of the reaction scheme. 

In Reaction B.1 , a suitably substituted aryl or unsaturated heterocycie amine is protected, under standard 
conditions used with ami no-protecting groups known in the art Reactions B.2 through B.5 are carried out sub- 
stantially as described above in Reaction Scheme A.3-A.6, with the exception that in Reaction Scheme B. an 
additional de protect ion reaction, Reaction B.5, is necessary to remove the amino-protecttng group introduced 
in Reaction B.1. This is a standard amino de protect ion reaction using procedures and methods known in the 
art For example, the f-Boc group illustrated in Reaction Scheme B.1 may be removed using a strong acid, 
preferably trif luoroacetic acid. 

In Reaction B.6, the illustrated intermediate is acylated with a suitable acyi halide, isocyanate or chloro- 
formate, preferably in the presence of an acid scavenger such as a tertiary amine, preferably triethylamlne. 
The reaction is carried out at a temperature of from about -20°C to about 25°C. Typical solvents for this reaction 
include ethers and chlorinated hydrocarbons, preferably diethyiether, chloroform or methylene chloride. 

Reaction B.7 is a standard amino deprotection reaction using procedures and methods known in the art 
to afford the corresponding amine which is used in Reaction I, above. This amine may be reacted without pur- 
ification, but it is preferably purified first 

The compounds of formula I where X is a group having the structure 




are prepared according to the procedures shown below in Reaction Scheme C. 



Reaction Scheme C 




1. acid activation 



2. a-diazo carbonyl 
formation 



H 




H 



O 
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where: 

R 1 , R 3 * and R* are as defined above; and 
G is haio. 

Reaction Scheme C t above, is accomplished by carrying out reactions 1-7 in sequential order. Once a 
reaction is complete, the intermediate compound may be isolated, if desired, by procedures known in the art, 
for example, the compound may be crystallized and then collected by filtration, or the reaction solvent may 
be removed by extraction, evaporation or decantation. The intermediate compound may be further purified, 
if desired, by common techniques such as crystallization or chromatography over solid supports such as silica 
get or alumina, before carrying out the next step of the reaction scheme. 

Reaction C.1 is carried out by activating, that is, converting, an amino- protected carboxylic acid reactant 
having the structure: 




H O 



to the corresponding mixed anhydride under conditions known in the art For example, the amino- protected 
carboxylic acid reactant may be reacted with a C r C 6 alkylchloroformate, such as isobutylchloroformate pre- 
ferably in the presence of an acid scavenger. Preferred acid scavengers are the triatkytamines, preferably trie- 
thylamine. The reaction is typically carried out in an aprotic solvent such as ethyl acetate. Solvent choice is 
not critical so long as the solvent employed is inert to the ongoing reaction and the reactants are sufficiently 
solubi lized to effect the desired reaction. The resulting mixed anhydride reactant is preferably used in Reaction 
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C.2 without further isolation or purification. 

Reaction C.2 is accomplished in two steps. First, a solution of sodium hydroxide, covered with a layer of 
an ether solvent, preferably diethyiether, is reacted with a large excess of N-memyl-N-nitro-N-nitrosoguanidine 
to form a diazomethane reactant The sodium hydroxide is preferably used as an aqueous solution having about 

5 four to six mol/liter of sodium hydroxide. Once this reaction is substantially complete, the organic layer is dried 
over a dessicant such as potassium hydroxide. This solution is then reacted with the mixed anhydride from 
Reaction C.1, above, to form the corresponding ct-diazo carbonyt compound. The diazomethane reactant is 
preferably used in this reaction without isolation or purification. The react tan is typically carried out at a tem- 
perature of from about -50°C to about -20°C, preferably about -30°C. 

10 In Reaction C.3, the a-diazo carbonyl compound prepared in Reaction C.2 is reacted with an acid of the 
formula H-G where G is halo, in an aprotic solvent such as diethyiether to form an a-halo carbonyl compound. 
A preferred acid reactant is hydrochloric acid which provides the corresponding a-chloro carbonyl compound. 
The reaction is typically carried out at a temperature from about -30°C to about 0°C. Solvent choice is not crit- 
ical so long as the solvent employed is inert to the ongoing reaction and the reactants are sufficiently solubil- 

15 ized to effect the desired reaction. The acid reactant is typically added in the form of an anhydrous gas in small 
increments until the reaction appears substantially complete. The reaction can be monitored by thin layer chro- 
matography (TLC). 

In Reaction C.4, the carbonyl moiety on the compound prepared in Reaction C.3 is reduced using standard 
conditions known in the art to form the corresponding a-chloro hydroxy compound. For example, the com- 

20 pound prepared in Reaction C.3 is combined with a reducing agent in a mixture of solvents. Typical reducing 
agents include sodium borohydride, lithium boro hydride, zinc borohydride, diisobutyl aluminum hydride and so- 
dium bis(2-methoxyethoxy)aluminum hydride. A preferred reducing agent is sodium borohydride. Typical sol- 
vent mixtures include a protic and aprotic mixture such as tetrahydrof uran/water. Solvent choice is not critical 
so long as the solvent employed is inert to the ongoing reaction and the reactants are sufficiently solubifized 

25 to effect the desired reaction. The reaction is typically carried out at a temperature from about -1 0°C to about 
10°C, preferably about 0°C. 

In Reaction C.5, the a-chloro hydroxy compound prepared in Reaction C.4 is treated with a strong base 
to form the corresponding epoxide under standard conditions known in the art For example, the a-chloro hy- 
droxy compound may be reacted with a potassium hydroxide/ethanol mixture in an organic solvent such as 

30 ethyl acetate . Solvent choice is not critical so long as the solvent employed is inert to the ongoing reaction 
and the reactants are sufficiently solubilized to effect the desired reaction. The reaction is typically carried 
out at a temperature from about 0°C to about the reflux temperature of the solvent Preferably the reaction is 
carried out at room temperature. 

In Reaction C.6, the epoxide prepared in Reaction C.5 is reacted with a heterocyclic reactant of the for- 

35 mula. 



40 




in a protic solvent at a temperature of from about 70°C to 1 00°C. Solvent choice is not critical so long as the 
45 solvent employed is inert to the ongoing reaction and the reactants are sufficiently solubilized to effect the 
desired reaction. Typical solvents for this reaction include the alcohols, preferably ethanol. The reaction is pre- 
ferably carried out at a temperature of about 80°C. 

Reaction C.7 is a standard amino deprotection reaction using procedures and methods known in the art 
to afford the corresponding amine which is used in Reaction I, above. This amine may be reacted without pur- 
50 if ication. but it is preferably purified first 

The Weinreb amide used as a reactant in Reaction A.4 and 6.3 is prepared by reacting an amino-protected 
amino acid with N-methoxy-N-methyl-amine in the presence of a promoting agent an acid scavenger, and a 
coupling agent The reaction is carried out in an aprotic solvent or mixture of solvents at a temperature of from 
about -25°C to 25°C. A preferred promoting agent for this reaction is H0BT H 2 O. Preferred acid scavengers 
55 are the tertiary alkylamines, preferably triethylamine or N-methytmorpholine. A preferred coupling reagent is 
ethyl dimethytaminopropylcarbodiimide hydrochloride. The Weinreb amide afforded by this reaction is prefer- 
ably isolated prior to its use in Reactions A.4 and B.3. 

The compounds of formula IA, where R 1 is a group having the structure S-R 1 ", where R 1 " is aryl or C5-C7 
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cycioalkyl, are prepared using an Weinreb amide having the following structure: 



R b — N 

H 




N 



S 



OCH 3 



,CH> 



in Reactions A.4 and B.3. This Weinreb amide is prepared by first reacting amino-protected serine with triphe- 
nylphosphine and diethytazodicarboxylate (DEAD) in an aprotic solvent at a temperature of from about -80°C 
to 0°C to form the corresponding 0-lactone. The reaction is typically carried out in an ether, such as tetrahy- 
drof uran at a temperature of from about -80°C to -50°C. Next, the lactone ring is opened to provide a compound 
having the structure: 



by reacting the lactone with an appropriately substituted thioanion having the structure, -S-R\ where R 1 is as 
defined above for formula I. The thioanion compound is preferably formed by reacting the corresponding thiol 
with a strong base, such as sodium hydride or potassium hydride. This reaction is typically carried out in an 
aprotic solvent at a temperature from about 0°C to about 40°C and under an inert atmosphere, such as nitro- 
gen. Typical solvents for this reaction include ethers, preferably tetrahydrofuran. The desired amide reactant 
is then formed by reacting the resulting carboxylic acid reactant with N-methoxy-N-methyl-amine in the pres- 
ence of a promoting agent, an acid scavenger and a coupling agent substantially as described above. 
The heterocyclic reactants, used in Reaction C.6 above, of the formula 



can be prepared using procedures and methods known In the art For example, the heterocyclic reactants were 
typically prepared from the corresponding amino-protected amino acids by acid activation followed by treat- 
ment with an alkylamine. This reaction is typically carried out in the presence of an acid scavenger, such as 
N-methylmorpholine. Removal of the amino-protecting group using standard chemical dep rote cling techniques 
then provided the heterocyclic reactants used above in Reaction C.8. 

For example, the [SS^SR'^aR'^fiaR'Jldecahydroisc-quinoline-a-N-f-butoxycarboxamide was prepared 
using (2S)-1,2,3,4-tetrahydro-3-tsoquinolinecarboxylic acid by the following procedure: 

1) amino-protection (f-Boc); 

2) acid activation/reaction with f-butylamlne; 

3) catalytic hydrogenation; 

4) amino-deprotection. 

The piperazine reactants may be prepared by converting an appropriately substituted pyrazine compound 
to the corresponding piperazine compound using procedures known in the art, preferably using catalytic hy- 
drogenation. For example, the hydrogenation may be accomplished by combining the pyrazine reactant with 
a catalyst under a hydrogen atmosphere in an aprotic solvent at a temperature from about 0°C to about 60°C. 
Suitable catalysts Include palladium-on-carbon, platinum metal, platinum oxide and the like. A preferred cat- 
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alyst Is platinum oxide. Typical solvents for this reaction include tetrahydrof uran, dimethytformamide or a mix- 
ture of tetrahydrofuran and dimethytformamide. 

The nitrogen atom on the resultant piperazine reactant may be alkylated using procedures known in the 
art For example, the piperazine reactant may be reacted with a halc^Ct-C^alkyl, or halomethyl pyridine, such 
as methyl iodide or chloromethylpyridine. Preferred halo substituents include chloro, bromo and iodo. The re- 
action is carried out at temperatures of from about 0°C to 60°C in a mutually inert solvent and in the presence 
of an acid scavenger. A preferred acid scavenger is potassium carbonate. Typical solvents include a mixture 
of a protic and aprotic solvents such as acetonitrile and water. Solvent choice is not critical so long as the sol- 
vent employed is inert to the ongoing reaction and the reactants are sufficiently solubilized to effect the desired 
reaction. 

Alternatively, the alkylated piperazine reactant may be prepared using reductive amination. For example, 
the piperazine reactant prepared above may be reacted with an aldehyde (for example, 3-pyridine carboxylic 
aldehyde, ethanal, propanal) or a ketone in the presence of a reducing agent and an acid. The reaction is typ- 
ically carried out in an alcoholic solvent such as methanol, ethanol or isopropanol. Typical reducing agents 
include sodium borohydride, lithium cyanoborohydride, sodium cyanoborohydride, and the like. A preferred re- 
ducing agent is sodium cyanoborohydride. Typical acids include any protic acid such as hydrochloric acid, sul- 
furic acid, methanesulfonic acid, or acetic acid. A preferred acid is acetic acid. 

The carboxylic acid reactant, IB, used in Reaction I, to the extent not commercially available, can be pre- 
pared using known procedures. More particularly, compounds of the formula: 



O 



0 




(IB) 



are prepared according to the procedures shown below in Reaction Scheme II. 
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Reaction Scheme II 



1 . carbonyldiimidazole 



R — NH 



R N 



A 



15 



20 



.A 



2 . bis (triphenylphosphine) - 
palladium (II) chloride 

CO (gas) 



Base 
alcohol 



R N 



u 

A. 



,COOCH 3 



25 



30 



R N 



U 

A. 



CO0CH-, 



3 . hydrolysis 



R — N 



A 



( COOH 



35 



40 



45 



where: 



Z, R and R°, are as defined above for formula I; 



and 



E* is iodo or C r C 4 alkoxycarbonyl. 

Where E* is iodo, Reaction Scheme II t above, is accomplished by carrying out Reactions 1-3 in sequential 
order. Once a reaction is complete, the intermediate compound may be isolated by procedures known in the 
art for example, the compound may be crystallized and then collected by filtration, or the reaction solvent 
may be removed by extraction, evaporation or decantation. The intermediate compound may be further puri- 
fied, if desired, by common techniques such as crystallization or chromatography over solid supports such as 
silica gel or alumina, before carrying out the next step of the reaction scheme. 

Where E* is C r C 4 alkoxycarbonyl, the intermediate compound prepared in Reaction 11.1 is reacted accord- 
ing to the procedure detailed in Reaction II.3 directly; Reaction II.2 is not necessary. 

Reaction 11.1 is a standard coupling reaction commonly employed in the synthesis of peptides and which 
is described above in the coupling reaction of Reaction I The reaction is carried out by simply combining an 
appropriately substituted amino moiety, RR°NH, with a compound having the formula: 



50 



HOOC^ 

Z 



55 



where E* is iodo or d-C 4 alkoxycarbonyl; and Z is as defined above for formula I. The reaction is carried out 
in a nonpolar aprotic solvent or mixture of solvents In the presence or absence of an acid scavenger to provide 
the corresponding amide. Typical solvents for this reaction include tetrahydrofuran and dimethytformamide, 
preferably tetrahydrofuran. The reaction is carried out at a temperature from about -30°C to about 25°C. The 
amine reactant is generally employed in equi molar proportions relative to the carboxylic acid reactant, in the 
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presence of an equimolar quantity to a slight excess of the coupling reagent 

Reaction 1 1 .2, is a carbonytation of the compound prepared in Reaction 1 1. 1 , resulting in the replacement 
of the iodo substituent with a CrC 4 alkoxycarbonyl moiety, preferably methoxycarbonyl. The reaction is carried 
out by simply combining the iodo intermediate from Reaction IL2, above, a catalyst under a carbon monoxide 

5 atmosphere and in an alcoholic solvent, preferably methanol, to provide the alkyi ester of the desired com- 
pound. This reaction is carried out in the presence of an acid scavenger, preferably dicyclohexylamine. The 
reaction is carried out at a temperature from about 0°C to about 25°C. A preferred catalyst is bis(triphenylpho- 
spine)palladium (II) chloride. 

Reaction 11.3 is a standard hydrolysis reaction of the alkyi ester to provide the corresponding carboxylic 

10 acid reactant which is used in Reaction I. The reaction is carried out by combining the alkyi ester reactant with 
lithium hydroxide in a suitable solvent followed by acidification of the reaction solution to pH 2-3 to provide 
the desired carboxylic acid reactant Typical solvents include a mixture of an ether and water, preferably a tet- 
rahydrof uran/water mixture. The reaction is carried out at a temperature from about 0°C to about 35°C. The 
lithium hydroxide reactant is generally employed In equimolar proportions to about a two molar excess relative 

15 to the ester reactant, preferably in about a one molar excess. 
Alternatively, a compound of the formula 



O 
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COO (alkyi) 



25 

may be prepared by reacting an amino moiety of the formula RR°NH with a compound of the formula 



30 




COO (alkyi) 



where R* is an activating group such as pentafluoro phenol using procedures known in the art The reaction 

35 is typically carried out in an aprotic solvent such as tetrahydrof uran, di methylformamide, or methylene chloride 
at a temperature from about 0°C to about 35°C. A preferred solvent is methylene chloride. An acid scavenger 
such as triethylamine or N-m ethyl morpholine is preferably included. The resultant compound may then be hy- 
drolyzed to provide the desired carboxylic acid reactant (used in Reaction Scheme I, above. 

The amino moiety, RR°NH, where R and R° are independently selected from C r Ce alkyi, aryt(C r C 4 )alkyt f 

40 heterocycle(CrC 4 )-alkyl or unsaturated heterocyde(C r C 4 )alkyl, which is used above may be prepared using 
procedures known in the art For example, amino-protected methylamine may be reacted with R-X (or R°-X), 
where X is halo, in the presence of a promoting agent, for example, sodium iodide or potassium iodide, and a 
strong base such as sodium hydride, or n-butyl lithium, to provide a compound of the formula CH 3 -N(R b )-R 
(or CH 3 -N(R b )-R 0 ), where R b is an amino-protecting group and R and R° are defined above. Typical solvents 

45 include aprotic solvents such as dimethytformamtde, or tetrahydrof uran, preferably dimethylformamide. The 
reaction is carried out at a temperature from about -1 0°C to about 10°C, preferably at about 0°C. The resultant 
protected amine may then be deprotected using procedure known in the art to provide the free amine which 
may be used as described above. To facilitate isolation of the free amine, a salt may be formed for example 
by exposing the deprotected amine to an acid such as hydrochloric acid. 

so Another procedure for preparing the amine compound of formula RR°NH involves reacting an amino-pro- 
tected compound of formula R-NH-R b may be reacted with an appropriately substituted alkyi iodide or alkyi 
bromide (R°-l or R°-Br), such as methyl iodide or ethyl bromide, to provide an amino-protected compound of 
formula RR°NH-R b . This compound may then be deprotected and isolated for use in the above reactions. 
As noted above, alt asymmetric forms, individual isomers and combinations thereof are considered part 

55 of this invention. Such isomers may be prepared from their respective precursors by the procedures described 
above, by resolving the racemic mixtures, or by separating the diastereomers. The resolution can be carried 
out in the presence of a resolving agent by chromatography or by repeated crystallization or by some com- 
bination of these techniques which are known in the art Further details regarding resolutions can be found in 
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Jacques et ah, Enantiomers, Racemates, and Resolutions, John Wiley & Sons 1981. 

The compounds employed as initial starting materials in the synthesis of the compounds of this invention 
are known and, to the extent not commercially available are readily synthesized by standard procedures com- 
monly employed by those in the art 
5 The pharmaceutical^ acceptable salts of the invention are typically formed by reacting a compound of 

formula I with an equi molar or excess amount of acid or base. The reactants are generally combined in a mutual 
solvent such as diethytether or benzene, for acid addition salts, or water or alcohols for base addition salts. 
The salts normally precipitate out of solution within about one hour to about ten days and can be isolated by 
filtration or other conventional methods. 
10 The following Preparations and Examples further illustrate specific aspects of the present invention. It is 
to be understood, however, that these examples are included for illustrative purposes only and are not intended 
to limit the scope of the invention in any respect and should not be so construed. 

In the following Preparations and Examples, the terms melting point, nuclear magnetic resonance spectra, 
electron impact mass spectra, field desorption mass spectra, fast atom bombardment mass spectra, infrared 
is spectra, ultraviolet spectra, elemental analysis, high performance liquid chromatography, and thin layer chro- 
matography are abbreviated M m.p.", TMMR", 'EIMS", "MS (FD)", "MS (FAB)\ "IR". 'UV, "Analysis", "HPLC", 
and TLC", respectively. In addition, the absorption maxima listed for the IR spectra are only those of interest 
and not all of the maxima observed. 

In conjunction with the NMR spectra, the following abbreviations are used: "s" is singlet, "d" is doublet, 
20 "dd" is doublet of doublets, "t" is triplet, "q" is quartet, "m" is multiple!, "dm" is a doublet of multiplets and "br.s", 
"br.d", "br.f , and "br.m" are broad singlet, doublet, triplet, and multiplet respectively. "J" indicates the coupling 
constant in Hertz (Hz). Unless otherwise noted, NMR data refers to the free base of the subject compound. 

The NMR spectra were obtained on a Bruker Corp. 270 MHz instrument or on a General Electric QE-300 
300 MHz instrument The chemical shifts are expressed in delta (8) values (parts per million downfield from 
25 tetramethytsilane). MS (FD) spectra were taken on a Varian-MAT 731 Spectrometer using carbon dendrite 
emitters. EIMS spectra were obtained on a CEC 21-110 instrument from Consolidated Electrodynamics Cor- 
poration. MS(FAB) spectra were obtained on a VG ZAB-3 Spectrometer. IR spectra were obtained on a Perkin- 
Etmer 281 instrument UV spectra were obtained on a Cary 118 instrument TLC was carried out on E. Merck 
silica get plates. Melting points are uncorrected. 

30 

Preparation 1 

A. N-(f-Butyl)-2-methylbenzamide 

35 To a cold (0°C) solution of 139.2 g (0.9 mol) of o-toluoyi chloride in 1200 mL of methylene chloride at 25°C, 
under nitrogen, was slowly added 180.0 g (1 .8 mol) of triethylamine followed by the dropwise addition of a sol- 
ution containing 73.14 g (1 .0 mol) of t-butylamine in 200 mLof methylene chloride. The resulting reaction mix- 
ture was warmed to room temperature and allowed to react for 2.5 hours. The reaction mixture was then diluted 
with 1800 mL of water. The resulting organic and aqueous layers were separated, and the organic layer was 

40 washed sequentially with 2N sodium hydroxide, 1.0N hydrochloric acid and brine, dried over magnesium sul- 
fate, filtered and then reduced to dryness under reduced pressure to provide 167.6 g of the desired subtitled 
intermediate as an off-white solid (mp 77-78°C). 
Yield: 97%. 

1 H NMR (CDCI 3 ): 8 1 .41 (s, 9H), 2.41 (s, 3H), 5.54 (br.s, 1 H), 7.1 3-7.30 (m, 4H). 
45 |R (CHCI3): 3430, 3011, 2971, 2932, 1661, 1510, 1484, 1452, 1393, 1366, 1304, 1216, 876 cirri. 
MS (FD): m/e 191 (M*). 191 (100). 





Analysis for C 12 H 17 NO: 


50 


Calcd: 


C, 75.35; 


H, 8.76; 


N, 7.32; 




Found: 


C, 75.10; 


H.9.11; 


N, 7.20. 



55 B. S-N-NButyl-2-(3-(N-benzyloxyc^onyl)amino-2^xc^phenylbutyl)benzamide 

To a solution of 7.0 g (36.5 mmol) of the subtitled intermediate of Preparation 1 A in 200 mL of anhydrous 
tetrahydrof uran, was added 12.1 mL(80.3 mmol) of N,N.N\N*-tetramethylethylenediamine (TMEDA) was add- 
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ed via syringe. The resulting solution was cooled to -78°C and then 55.9 mL of seo-butyllithium was added 
dropwtse via syringe while maintaining the temperature of the reaction under -60°C. The resulting reaction 
solution was then allowed to stir for approximately 1 hour at -78°C before the addition of a solution containing 
5.00 g (14.6 mmol) of CS>-N-methoxy-N-methyl-2-(N-benzyloxycarbonyl)amino-a-phenylpropanamide in 50 mL 

5 of anhydrous tetrahydrof uran was added via cannula while maintaining the reaction temperature below -65 °C. 
The resulting reaction mixture was warmed to -20°C, quenched using 20 mL of saturated ammonium chloride 
and then diluted with 200 mL of diethyiether. The organic and aqeous layers were separated and the organic 
layer was washed sequentially with water, 0.2N sodiumhydrogensulfate and brine, dried over sodium sulfate, 
filtered and then reduced to dryness under reduced pressure to provide a colorless oil. This oil was purified 

10 using flash chromatography (eiuent of 25% ethyl acetate in methylene chloride) to provide 6.08 g of a colorless 
foam. 

Yield: 88%. 

[a] D -289.26° (c 0.12, MeOH). 

'H NMR (CDCI 3 ) S 1 .38 (s, 9H), 2.99 (dd, J=15; 6 Hz, 1H), 3.24 (dd, J=15; 6 Hz, 1H), 3.89 (d, J=18 Hz, 1H), 
15 4.16 (d, J=18 Hz, 1H), 4.72 (dd, J=15, 6 Hz, 1H), 5.00-5.09 (m, 2H), 5.56 (d. J=6 Hz, 1H) t 

5.93 (br.s, 1H), 7.03-7.40 (m, 14H). 
IR (CHCI 3 ): 3431, 3027. 3012, 2973, 1713, 1658, 1511, 1454, 1383, 1366, 1307, 1231, 1046 crrr 1 . 
MS (FD) m/e 472 (M*), 218 (100). 



20 


Analysis for C^H^^O*: 




Calcd: 


C, 73.70; 


H, 6.82; 


N, 5.93; 




Found: 


C, 73.41; 


H, 6.98; 


N, 5.83. 



25 



C. Q3-f^S*j}-N^Butyl-2-(3-(N-benzytoxycai^ 

To a solution of 6.96 g (14.7 mmol) of the subtitled intermediate of Preparation 1B in 200 mL of absolute 
ethanol, under nitrogen, was added 2.78 g (73.5 mmol) of sodium borohydride. When the reaction was sub- 
stantially complete, as indicated by TLC, the reaction mixture was diluted with 200 mL of ethyl acetate and 
quenched by the dropwise addition of 20 mL of saturated ammonium chloride. The organic and aqueous layers 
were then separated and the organic layer was washed sequentially with 1N hydrochloric acid, saturated so- 
dium bicarbonate solution and brine, dried over sodium sulfate, filtered and then reduced to dryness under 
reduced pressure to provide 6.4 g of a colorless oil. This oil was purified using flash chromatography (gradient 
eiuent of 2*10% methylene chloride in ethyl acetate) to provide 5.12 g of the subtitled intermediate. 
Yield: 74%. 

[a] D +10.38° (c 0.10, MeOH). 

1 H NMR (CDQ 3 ) : 6 1.40 (s, 9H), 2.79 (dd, J=12, 3 Hz, 1H), 2.90-2.98 (m. 2H), 3.04 (44, J=12, 3 Hz, 1H), 

3.70-3.81 (m, 1H), 3.97 (m, 1H), 4.96-5.08 (m, 2H), 5.10 (d, J=9 Hz, 1H). 5.88 (d, J=6 
Hz, 1H), 5.93 (s, 1H), 7.13-7.42(m, 14H). 

IR (CHCI3): 3431, 3028, 3012, 2971, 1773, 1643, 1515, 1454, 1367, 1229, 1028 crrK 

MS (FD): m/e 475 (M+), 475 ( 1 00). 



Analysis for C^H^N^: 


Calcd: 
Found: 


C, 73.39; 
C, 73.12; 


H, 7.22; 
H, 7.48; 


N, 5.99; 
N, 5.62. 



50 

P. [R-fff*,S*j]-N-f-Butyl-2-(3-amino-2-hydroxy-4-phenylbutyl)benzamide 

Asuspension was prepared containing 41.0 g (120 mmol) of the subtitled intermediate of Preparation 1C 
and 500 mg of 10% palladium-on-carbon in 150 mL of absolute ethanol. This suspension was shaken under 
55 60 psi hydrogen in a Parr shaker apparatus. The 10% palladium-on-carbon catalyst was then removed by fil- 
tration. The resultant filtrate was reduced to dryness under reduced pressure to provide 31.1 g of a light yellow 
foam. This compound was used without further purification. 
Yield: 96%. 



35 
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[a] D +34.68° (d.0, MeOH). 

'H NMR (CDCI 3 ): 6 1.46 (s t 9H) t 2.71 (dd, J=13.7; 9.5 Hz. 1H), 2.84 (dd, J=13.3; 2.51 Hz, 1H), 2.95-3.06 

(m, 2H), 3.23-3.29 (m, 1H), 3.84-3.90 (m, 1H), 6.23 (s, 1H), 7.19-7.37 (m, 12H). 
IR (CHCI3) : 3440. 3382, 3007, 2970, 2934, 1643, 1516, 1454, 1367. 1213 arr\ 
5 MS (FD): m/e 341 (M*), 341 (100). 

Preparation 2 

A. [3S-ff/^4aR^8a/^2^Tft*Jl-2-[3'-N^ 
10 tyl)decahydroisoquinoline-3-carfaoxamide 

A solution of /f/^ffR^^$^^S^4aS^8aS7^^[(1^^-be^^ 
and decahydroisoquinoline-3-N-f-butylcarboxamide in absolute ethanol was heated at 80°C overnight. The re- 
action mixture was reduced to dryness under reduced pressure to provide a residue. This residue was purified 
15 using flash chromatography (gradient eluent of 1 0-50% ethyl acetate in methylene chloride) to provide 6.47 g 
of an off-white foam. 
Yield: 75%. 

1H NMR (CDCI3): 6 1.29 (s, 9H), 1.25-2.05 (m, 2H), 2.20-2.35 (m, 2H), 2.55-2.70 (m, 11H), 2.85-3.10 (m, 
3H), 3.24 (br.s, 1H), 3.82 (br.s, 1H), 3.98 (br.s, 1H), 4.99 (br.s, 2H), 5.16-5.18 (m, 1H), 5.80 
20 (br.s, 1 H), 7.05-7.38 (m, 10H). 

IR (CDCI3): 3600-3100 (br.), 3031. 2929, 1714, 1673, 1512, 1455, 1368, 1232, 1199, 1047 crrr*. 
MS (FD): m/e 536 (M+H), 1068 (100). 

B. [3S-f3ft^4aftr8aft^2'S^3'R*^2-^ 
25 tylcarboxamlde 

A rapidly stirring suspension of 6.37 g (11.91 mmol) of the subtitled intermediate of Preparation 2A and 
1 .2 g of 10% palladium-on-carbon in 200 mL of absolute ethanol was placed under an atmosphere of hydrogen. 
After approximately 48 hours, the reaction mixture was filtered through celite and reduced to dryness under 
30 reduced pressure to provide 5.09 g of the desired subtitled intermediate. This compound was used without 
further purification. 

1 H NMR (CDCI3): 6 1.33 (s, 9H), 1.40-1.95 (m, 10H). 2.25-2.48 (m, 2H), 2.59-2.75 (m, 3H). 2.80-3.40 (m, 

7H), 3.75-3.90 (m, 1H). 6.19 (br.s, 1H), 7.18-7.35 (m. 5H). 
IR (CDCI 3 ): 3600-3100 (br.), 2929, 2865, 1671, 1515, 1455, 1367, 1245, 1047 cnr 1 . 
35 MS (FD) m/e 402 (M + , 1 00). 

Preparation 3 

A. 2R-N(Benzyloxycarbonyl)amino-3-naphth-2-ylthio propanoic acid 

40 

To a solution of 1 .28 g (8.00 mmol) of naphthalene-2-thiol in 30 mL tetrahydrofuran, was slowly added 1.77 
g (8.16 g) of 60% sodium hydride, under nitrogen. After stirring for approximately 15 minutes, N(benzyloxy- 
carbonyl)serine-p-lactone in 20 mL of tetrahydrofuran was slowly added. The reaction mixture was allowed to 
/ react at room temperature for approximately one hour, and then was concentrated under reduced pressure to 
45 provide a residue. This residue was dissolved in ethyl acetate and washed sequentially with 0.5N sodium bl- 
sulfate and a saturated brine solution. The resulting layers were separated and the organic layer was dried 
over sodium sulfate, filtered, and then concentrated under reduced pressure to provide a residue. This residue 
was purified using flash chromatography to provide 2.08 g of a pale yellow solid. 
Yield: 68%. 
so [a] D -55.72°(c 1 .0, MeOH). 

1 H NMR (CDCI3) : 8 3.42-3.61 (br.m, 2H), 5.53-5.76 <br.s, 1H), 4.85-5.08 (br.m, 2H), 5.54-5.76 (br.s, 1H), 

7.06-7.97 (m, 12H). 

IR (KBr): 3348. 3048, 1746, 1715, 1674, 1560, 1550, 1269, 1200, 1060 crrr'. 
MS (FD): m/e 381 (M*), 381 (100). 

55 
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Analysis for C2oH 1fi N0 4 S: 




Calcd: 


C, 66.12; 


H, 5.02; 


N, 3.67; 


5 


Found: 


C, 66.22; 


H, 5.04; 


N, 3.86. 



B. 3R-Benzyl 2-ra-3-(naphth-2-ylthiomemyl)-4-oxo-5-diazo pentanoate 

w To a cold (-30°C) solution of 15.38 g (40.3 mmol) of the subtitled intermediate from Preparation 3A in 230 

ml_ of ethyl acetate and under nitrogen, was slowly added 5.62 mL (40.3 mmol) of triethylamine, via syringe. 
To the resulting solution was then added 7.84 mL (60.5 mmol) of isobutyl chloroformate, via syringe. In a sep- 
arate flask, 10 g of N(methyl)-N(nitro)-N(nrtroso)guanidine was carefully added to a bilayer mixture of 170 mL 
of diethylether and 170 mL of a 5N sodium hydroxide solution, resulting in a targe evolution of gas. When this 

is reaction was substantially complete, the organic layer was decanted from the aqueous layer onto potassium 
hydroxide and dried. This diazomethane formation and addition was repeated using identical quantities of die- 
thylether and sodium hydroxide and 30 g of N(methyl)-N(nitro)-N(nitroso)guanidine. The resultant diazome- 
thane reactant was then added to the mixed anhydride solution prepared above and the reaction mixture was 
allowed to react cold (-30°C) for approximately 20 minutes. When the reaction was substantially complete, as 

20 indicated by TLC, nitrogen was bubbled through the solution using a fire polished Pasteur pipet to remove any 
excess diazomethane and then the solution was concentrated under reduced pressure to provide a residue. 
This residue was purified using flash chromatography (eluent of 10% ethyl acetate in methylene chloride) to 
provide 13,62 g of a yellow oil. 
Yield: 83%. 

25 1 H NMR (CDCl 3 ): 6 3.32-3.46 (m, 2H), 4.40-4.67 (m, 1 H), 5.00-5.09 (m. 2H), 5.44 (s. 1 H). 5.76 (d. J=7.8 Hz, 

1H) t 7.25-7.86 (m, 12H). 

C. 3R-Benzyl 2-aza-3-(naphth-2-ylthiomethyl)-4-oxo-5-chioro pentanoate 

30 A short burst (about 2 seconds) of anhydrous hydrochloric acid (gas) was passed through a cold (-20°C) 

solution of 13.62 g (33.59 mmol) of the subtitled intermediate from Preparation 3B in 230 mL of diethylether, 
resulting in the evolution of a gas. This procedure was repeated taking care not to add excess hydrochloric 
acid. When the reaction was substantially complete, as indicated by TLC, the solution was concentrated under 
reduced pressure to provide a residue. This residue was purified using flash chromatography (eluent of 10% 

35 ethyl acetate in methylene chloride) to provide 12.05 g of a pale tan solid. 
Yield: 87%. 

'H NMR (CDCI3): 6 3.41 (dd. J=12,6 Hz, 1H), 3.53 (dd, J=12.6 Hz, 1H), 4.18 (AB q, J=41.9 Hz, J=15.9 Hz, 
2H), 4.77 (dd, J=9. 3 Hz, 1H), 5.04 (AB q, J=12 Hz. J=10.4 Hz, 2H), 5.59 (d, J=7 Hz, 1H). 
7.24-7.85 (complex, 12H). 
40 [ct] D -80.00° (c 1 .0, MeOH). 

IR (CHCI3): 3426, 3031, 3012, 1717, 1502, 1340, 1230, 1228, 1045 cnr\ 

MS (FD): m/e 413 (M*), 413 (100). 





Analysis for C22H20NO3SCI: 


45 


Calcd: 


C, 63.84; 


H, 4.87; 


N, 3.38; 




Found: 


C, 64.12; 


H, 4.95; 


N, 3.54. 



D. r3R-f3R*,4S*)l Benzyl 2-aza-3-(naphth-2-ylthiomethyl)-4-hydroxy-5-chloro pentanoate 

To a cold (0°C) solution of 530 mg (1.28 mmol) of the subtitled intermediate of Preparation 3C. in 10 mL 
of tetrahydrof uran and 1 mL of water, was added 73 mg (1 .92 mmol) of sodium borohydride. When the reaction 
was substantially complete as indicated by TLC, the solution was adjusted to pH 3 using 10 mL of an aqueous 
saturated ammonium chloride solution and 500 uL of a 5N hydrochloric acid solution. The resultant solution 
was extracted twice with methylene chloride and the combined organic layers were washed with water, dried 
over sodium sulfate, filtered and then concentrated under reduced pressure to provide a residue. This residue 
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was purified using radial chromatography (etuent of methylene chloride) to provide 212 mg of a tan solid. 
Yield: 40%. 

*H NMR (CDCI3): 5 3.40 (s. 2H), 3.61-3.71 (m, 2H), 3.97-3.99 (m, 2H) t 4.99 (s. 2H). 5.16 (br.s, 1H), 7.21- 
7.83 (complex. 12H). 
5 MS(FD): m/e415(M + ),415(100). 
Ia] D -47.67 (c 0.86. MeOH). 

IR (CHCI3): 3630. 3412. 3011, 1720. 1502. 1236. 1044 crrr'. 



Analysis for C22H22NO3CIS: 


Calcd: 
Found: 


C, 63.53; 
C. 63.72; 


H, 5.33; 
H, 5.60; 


N, 3.37; 
N. 3.64. 



E. [3R-(3R*,4S*J] Benzyl 2-aza-3-oxiranyl-4-naphth-2-Ylthio butanoate 

A solution of 31 mg (0.55 mmol) of potassium hydroxide in 1 mL of ethanol was added to a solution of 190 
mg (0.46 mmol) of the subtitled intermediate of Preparation 3D. in 6 mL of a 1:2 ethanol/ethyi acetate solution. 
When the reaction was substantially complete, as indicated by TLC, the reaction mixture was poured into a 
water/methylene chloride mixture. The resulting layers were separated, and the organic layer was washed with 
water, dried over sodium sulfate, filtered and then concentrated under reduced pressure to provide a residue. 
This residue was purified using radial chromatography (eluent of 10% ethyl acetate in methylene chloride) to 
provide 172 mg of a light tan solid. 
Yield; 99%. 

1 H NMR (CDCi 3 ): 6 2.76 (br.s, 2H) 3.01 (br.s. 1H). 3.31 (d f J=5 Hz. 2H). 3.77 (br.s, 1H), 5.05 (s, 2H), 5.22 

(d. J=6 Hz. 1H), 7.25-7.85 (complex. 12H). 
[a] D -125.42° (c 0.59. MeOH). 
MS (FD): m/e 379 (M*), 379 (100). 

IR (CHCI3) : 3640. 3022, 2976, 1720. 1502. 1235. 1 045 cnr'. 





Analysis for C^H^NOaS: 




Calcd: 


C. 69.63; 


H, 5.58; 


N. 3.69; 


35 


Found: 


C. 69.41; 


H, 5.53; 


N t 3.64. 



F. [3R-f3ft*,4R*,3'S*,4a'S > ,8a'5'';] Benzyl, r2'Aza-3-naphth-2-ylthlomethylM-hydroxy-5-(3 , -r-N(^bu- 
tyi)amino-1 w *oxomethyl)decahydroisoquinolin-2'-yl)] pentanoate 

40 

A solution was prepared containing 165 mg (0.40 mmol) of the subtitled intermediate of Preparation 3E 
and 94 mg (0.43 mmol) of 3-(1-N((-butyi)amino-1-oxomethyi)- decahydro-(2H)-isoquinoline in 5 mL of ethanol. 
The resulting reaction mixture was allowed to react at 80°C for approximately 19 hours. The solution was then 
cooled to room temperature and concentrated under reduced pressure to provide a residue. This residue was 
45 purified using radial chromatography (eluent of 10% ethyl acetate in methylene chloride) to provide 103 mg of 
an off-white foam. 
Yield: 42%. 

'H NMR (CDCI3) : 6 1.10-1.73 (m, 20H), 2.13-2.31 (m, 2H) f 2.44-2.53 (m. 1H), 2.56-2.68 (m, 1H) f 2.86- 

2.97 (m, 1H), 3.52 (br.s. 2H). 4.02 (br.s, 2H). 4.98 (s, 2H). 5.65 (s, 1H), 5.94 (s. 1H), 
so 7.25-7.83 (complex, 1 3H). 

MS (FD): m/e 629 (W) , 1 38 (1 00). 
[a] D -92.45° (C1.06, MeOH). 

IR (CHCI3) : 3429. 3010, 2929. 1713, 1670, 1514, 1455. 1047 cnr'. 
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Analysis for C^HUtNjCMS: 




Calcd: 


C, 69.98; 


H t 7.67; 


N, 6.80; 


5 


Found: 


C. 69.86; 


H. 7.78; 


N. 6.58. 



G. pR-f2^3fl^3^4a^8a'S*^N(NBut^ decahydroiso- 
quinoline-3'-carboxamide 

10 

A solution was prepared containing 50 mg (0.081 mmol) of the subtitled intermediate of Preparation 3F 
and 1 mL of a 38% aqueous hydrobromic acid solution in acetic acid. The resultant reaction mixture was al- 
lowed to react at room temperature for approximately 1 hour and then was concentrated under reduced pres- 
sure to provide a residue. This residue was slurried with toluene and then concentrated under reduced pressure 
15 to provide 61 mg of the desired subtitled intermediate. This compound was used without further purification. 
1H NMR (CDCI 3 ): 6 1.14 (s, 1H), 1.17-2.07 (complex, 15H), 2.66-2.87 (m, 2H), 3.21-3.25 (m f 2H), 3.75 (d. 

J=12 Hz, 1H), 3.85 (d, J=6 Hz t 1H), 4.36-4.47 (m, 1H). 6.73 (s, 1H), 7.39-7.90 (complex, 
7H). 

MS (FD): 483 (NT), 483 (1 00). 

20 

Preparation 4 

A. 2R-2-N(Benzyioxycarbonyl)amino-3-phenyjthio propanoic acid 

25 The desired subtitled intermediate was prepared substantially in accordance with the procedure detailed 
in Procedure 3A, using 13.1 ml_(127 mmol) of thiophenol, 4.6 g (117 mmol) of a 60% sodium hydride solution 
and 25.6 g (1 1 6 mmol) of (L)-N(benzyloxycarbonyi)serine ^-lactone in 450 mL of tetrahydrof uran to provide a 
residue. This residue was purified using flash chromatography (gradient eluent of 0-2% acetic acid in a 4:1 
methylene chloride/ethyl acetate mixture) to provide 27.9 g of a white solid. 

30 Yield: 72%. 

1 H NMR (CDCI3): 6 7.55-7.18 (m, 10H), 5.55 (d, J=7 Hz, 1H),5.08 (s, 2H), 4.73-4.60 (m, 1H), 3.55-3.30 (m, 
2H). 

IR (KBr): 3304, 3035, 1687, 1532, 736 crrr 1 . 
MS (FD): m/e 332, 288, 271, 181. 



Analysis for C 17 H 17 N0 4 S: 


Calcd: 
Found: 


C, 61.61; 
C, 61.69; 


H, 5.17; 
H. 5.22; 


N. 4.23; 
N, 4.47. 



B. 3R-Benzyl, 2-aza-3-phenylthiomethyl-4-oxo-5-diazo pentanoate 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed in 
Procedure 3B, using 12.1 g (37 mmol) of the subtitled compound of Preparation 4A, 5.09 mL (37 mmol) of trie- 
thylamine, 7.13 mL (55 mmol) isobutyl chloroformate, 146 mmol of a diazomethane solution to provide a resi- 
due. The diazomethane solution was prepared using 100 mL of diethyiether, 150 mLof a 5N sodium hydroxide 
solution and 21 g (146 mmol) of N(methyl)-N(nitro)-N(nitroso)-guanidine as described in Preparation 1B. This 
residue was purified using flash chromatography (gradient eluent of 0-5% ethyl acetate in methylene chloride) 
to provide a yellow oil. 
Yield: 73%. 

1H NMR (CDCI3) : 6 7.50-7.19 (m, 10H), 5.62 (d, J=7 Hz, 1H), 5.47 (br.s. 1H), 5.11 (s, 2H). 4.50-4.32 (m, 

1H), 3.33 (d, J=6 Hz,1H). 
IR (KBr) : 3012, 2115. 1720, 1501, 1367, 1228 crrr', 

MS (FD): m/e 356, 328, 242. 
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C. 3R-Benzyt, 2-aza-3-phenyUhiomethyt-4-oxo-5-chloro pentanoate 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed in 
Procedure 3C, using 22.3 g (63 mmot) of the subtitled compound of Preparation 4B and small quantities of 
5 hydrochloric acid (gas) in 400 mL of diethyiether to provide 21 g of a white solid. This solid was used without 
further purification. 

'H NMR (CDCI 3 ): 6 7.50-7.15 (m t 10H), 5.56 (dd. J=2.6.7 Hz, 1H), 5.11 (s, 2H), 4.78-4.67 (m t 1 H), 4.20 (d, 

J=15.9 Hz, 1H), 4.12 (d, J=15.9 Hz, 1H) f 3.48-3.23 (m, 2H). 
IR (KBr) : 3349, 1732, 1684, 1515, 1266 cnr'. 

10 MS (FD): m/e 363 (M*). 





Analysis for C 18 H 18 N0 3 SCI: 




Calcd: 


C. 59.42; 


H, 4.99; 


N, 3.85; 


15 


Found: 


C, 59.57; 


H. 5.09; 


N, 4.13. 



D. [3R-(3R* f 4S*)] Benzyl, 2-aza-3-phenylthiomethyl-4-hydroxy-5-chloro pentanoate 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Proce- 
dure 3D, using 21 g (58 mmol) of the subtitled compound of Preparation 4C, 2.4 g (63 mmo!) of sodium boro- 
hydride in 300 mLof tetrahydrofuran to provide a residue. This residue was purified using flash chromatogra- 
phy (gradient eluent of 0-2% methanol in methylene chloride) followed by flash chromatography (gradient elu- 
ent of 0-2% ethyl acetate in chloroform) and then recrystallized from methylene chloride at -78°C to provide 
8.3 g of the desired subtitled compound. 
Yield: 39%. 

'H NMR (CDCU): 6 7.47-7.19 (m, 10H), 5.22-5.03 (m, 1H), 5.09 (s, 2H), 4.01-3.89 (m. 2H), 3.75-3.58 (m, 

2H), 3.32 (d, J=4 Hz, 2H). 
IR (KBr): 3321, 2951, 1688. 1542, 1246. 738 arr\ 
MS (FD): m/e 366 (M*), 119. 





Analysis for C 16 H2oN0 3 SCI: 




Calcd: 


C, 59.09; 


H, 5.51; 


N, 3.83; 


35 












Found: 


C. 59.03; 


H, 5.50; 


N. 3.96. 



E. [3R'(3R*4S*)] Benzyl. 2-aza-3-oxiranyl-4-phenylthio butanoate 

40 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed in 
Procedure 3E, using 8.3 g (23 mmol) of the subtitled compound of Preparation 4D, 1 .4 g (25 mmol) of potassium 
hydroxide in 400 mL of ethanol to provide a residue. This residue was purified using flash chromatography 
(gradient eluent of 0-2% ethyl acetate in methylene chloride) to provide 6.4 g of a white solid. 
45 Yield: 85%. 

'H NMR (CDCI3): 6 7.45-7.15 (m, 10 H), 5.12 (s, 1H). 5.08 (s, 2H). 3.77-3.62 (m, 1H), 3.21 (d. J=6 Hz, 2H). 

2.99 (m, 1H),2.77 (m, 2H). 
IR (KBr): 3303 ,3067, 1694, 1538. 1257, 741 arr\ 
MS (FD) m/e 329. 



50 


Analysis for C32H45N3O4S: 




Calcd: 


C, 65.63; 


H, 5.81; 


N, 4.25; 




Found: 


C, 65.48; 


H, 5.82; 


N, 4.29. 
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F. [3R-f3ft*,4ft # ,3'S*,4a'S*,8a'S*J] Benzyl, P-aza-^phenylthiomethyl^hydroxy-S-O'-Cr-^f-butyOamino- 
1"- oxomethyl) decahydroisoquinolin-2'-yl)]pentanoate 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed In 
5 Procedure 3F, using 6.3 g (19 mmol) of the subtitled compound of Preparation 4E, 5 g (21 mmol) of 3-[N(/- 
butyl)aminocarbonyl]decahydro-(2H)-isoquinoline in 300 ml_ of ethanol to provide a residue. This residue was 
purified using flash chromatography (gradient eluentof 0-20% ethyl acetate in methylene chloride) to provide 
4.3 g of a white solid. 
Yield: 40%. 

10 'H NMR (CDCI 3 ): 8 7.41-7.11 (m ( 10H), 5.90 (d, J=5 Hz, 1H), 5.64 (s, 1H), 5.05 (d, J=4 Hz, 2H), 4.08-3.90 

(m, 2H), 3.40 (d. J= 6, 2H), 3.05 (s, 1H), 2.95-2.85 (m, 1H), 2.62-2.45 (m, 2H), 2.28-2.15 
(m, 2H), 2.05-1.88 (m, 2H), 1.78-1.10 (m, 7H), 1.29 (s f 9H). 

IR(KBr): 3330, 2925, 2862, 1706, 1661, 1520, 1454. 1246, 738, 694 crrr 1 . 

MS (FD): m/e 568 (M*), 467. 



Analysis for C32H45N3O4S: 


Calcd: 
Found: 


C, 67.69; 
C, 67.64; 


H, 7.99; 
H, 8.20: 


N, 7.40; 
N. 7.45. 



G. [2R-(2^3R;3'S:4a^8a'S*;>N(^^ decahydroisoquino- 
line-3'-carboxamide . 

25 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed in 
Procedure 3G using 1 g (1.8 mmol) of the subtitled compound of Preparation 4F and 40 mL of a 30% hydro- 
bromic acid in acetic acid solution, with the exception that the crude material was dissolved in 30 mL of me- 
thanol. To the resulting solution, was added 2 mL of diethylamine and 2 mL of concentrated ammonium hy- 
droxide and then the mixture was concentrated under reduced pressure to provide a residue. This residue was 

30 

redissolved in water and ethyl acetate. The resulting layers were separated and the organic layer was washed 
sequentially with an aqueous sodium bicarbonate solution and brine, dried over sodium sulfate, filtered and 
then reduced to dryness under reduced pressure to provide a residue. This residue was purified using flash 
chromatography (gradient eluent of 0-10% methanol in chloroform (containing 3 drops of ammonium hydroxide 
per 1 000 mL of chloroform)) to provide 0.54 g of a white foam. 
35 Yield: 71%. 

1 H NMR (CDCI 3 ): 6 7.41-7.16 (m, 5H). 6.07 (s, 1 H) ( 3.78-3.70 (m, 1 H), 3.45-3.38 (m, 1H), 3.03-2.84 (m, 3H), 

2.38-2.20 (m, 3H), 2.00-1.05 (m, 12H), 1.33 (s, 9H). 
IR (KBr) : 2924, 2862, 1660, 1517, 1454, 1439, 737, 691 crrr\ 

MS (FD): m/e 434 (M 4 ), 293. 

Preparation 5 

A. Pyrazine-2-N-(f-butyl)carboxamide 

45 

To a slurry of 50 g (0.403 mol) pyrazine-2-carboxylic acid in 600 mL of tetrahydrofuran and 100 mL of di- 
methytformamide, was added 65.9 g (0.407 mol) of carbonyldi imidazole. The resultant reaction mixture was 
reacted at 50°C until gas evolution ceased. After the reaction mixture cooled, 73.5 g (1 .00 mol) of f-butylamine 
was slowly added. The reaction mixture was reacted for approximately thirty minutes, concentrated under re- 
^ duced pressure, redissolved in 500 mL of methylene chloride and then washed sequentially with water, hydro- 
chloric acid (pH 2), saturated sodium bicarbonate, water, 1 M potassium hydroxide, and brine, dried over sodium 
sulfate, and concentrated to provide 68.5 g of a white solid. 
Yield: 95%. 

1H NMR (CDCI 3 ) : 6 1.51 (s, 9H) , 7.73 (br.s, 1H), 8.49 (m, 1H), 8.72 (m, 1H), 9.38 (s, 1H). 

55 

B. (»/-)-Piperazine-2-N-(f-butyl)carboxamide 

A mixture of 68.5 g (0.382 mol) of the subtitled compound of Preparation 5A, 70 g (0.308mol) of platinum 
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oxide in 186 mL of ethanol was heated overnight at 40°C under a hydrogen atmosphere (60 psi). The resultant 
crude material was filtered and the filtrate was concentrated to provide 65 g of white solid. 
Yield: 95%. 

MS(FD): m/e 185 (M\ 100). 

5 

C. (^/-)^Pyi1d-3 , -ylmethyt)piperazine-2-N-(f-butyl)carboxamide 

To a solution of 5.0 g (0.027 mol) of the subtitled compound of Preparation 5B in 160 mLof a 1:1 mixture 
of water and acetonitrile, was added 18.65 g (0.135 mol) of potassium carbonate. The resultant mixture was 

10 vigorously stirred during the addition of 4.43 g (0.027 mol) of 3-chloromethylpyridine hydrochloride and then 
allowed to react overnight The resultant reaction mixture was concentrated under reduced pressure, slurried 
in a solution of 20% isopropanol in chloroform and washed sequentially with water and brine, dried over sodium 
sulfate, filtered and then concentrated to provide a residue. This residue was purified using flash chromatog- 
raphy (eluent of 5% methanol in methylene chloride containing 1 % ammonium hydroxide) to provide 1 .34 g of 

15 a clear yellow oil. 
Yield: 18% 

'H NMR (CDCI 3 ): 6 1.10 (s, 9H), 1.89-2.01 (m, 2H), 2.35 (m, 1H), 2.57-2.74 (m. 4H). 3.09 (m. 1H), 3.27 (s, 

2H) P 6.71 (br.s, 1H), 7.03 (m, 1H), 7.44 (m, 1H) 8.26 (m f 2H). 
IR (KBr) : 3691, 3611, 3366, 2974, 1666, 1602, 1521, 1479, 1456, 1427, 1393, 1366, 1324, 1139, 1047, 

20 839 cnr 1 . 

MS (FD): m/e 276 (M\ 100). 

D. [2S-f?ft^2'S^37?*J)-1-[2^Hydroxy^ 
piperazine-2-N-(f-butyl)carboxamide 

25 

A solution containing 0.377 g (1.27 mmol) of [1S-ff^r/r)]-1-I(V-N-Benzyloxycart)onyl)amino-2 , -phenyi) 
ethyljoxirane and 0.350 g (1.27 mmol) of the subtitled compound of Preparation 5C in 12 mL of isopropanol 
was reacted at 45°C for approximately forty eight hours. The reaction mixture was cooled and then concen- 
trated under reduced pressure to provide a crude material. This material was purified using radial chromatog- 
30 raphy (6mm plate; gradient eluent of 5-10% isopropanol in methylene chloride) to provide 120 mg of isomer A 
and 68 mg of isomer B. 
Yield: 26% overall. 
Isomer A: 

'H NMR (CDCI 3 ): 5 1 .33 (s, 9H), 2.26-2.89 (m, 13H), 3.29 (m, 1 H), 3.45 (s. 2H). 3.79-3.95 (m, 3H), 4.73 (br.s, 
35 1H). 4.97 (br.s f 2H), 5.20 (m, 1H), 7.14-7.29 (m, 6H) 7.57 (m, 1H), 7.82 (br.s, 1H), 8.53 

(m, 2H). 

IR (KBr) : 3692, 3434, 2970, 2829, 1714, 1661, 1604, 1579, 1512, 1455, 1427, 1393, 1365, 1231. 1149, 

1029, 909 cmri. 
MS (FD): m/e 573 (M\ 100). 

40 

E. BS-ff^2^37?*JH-P-Hydrax^^ piperazine-2-N-(Nbu- 
tyQcarboxamide 

A solution containing 0.062 g (0.11 mmol) of the subtitled compound of Preparation 5D (isomer A) was 
45 stirred for approximately ninety minutes in 1.5 mL of a solution of 30% hydrobromtc acid in acetic acid. The 
resultant mixture was concentrated, azeotroped three times with toluene, redissolved in methanol containing 
1 mL each of diethyiamine and ammonium hydroxide and then concentrated under reduced pressure to provide 
a residue. This residue was purified using radial chromatography (2mm plate; gradient eluent of 15-25% me- 
thanol in methylene chloride containing 1% ammonium hydroxide) to provide 13 mg of a white solid. 
50 Yield: 28%. 

1 H NMR (CDC1 3 ): 6 1 .33 (s, 9H), 2.36-3.21 (m t 1 5H), 3.47 (d, 2H), 3.75 (m, 1 H), 7.1 9-7.30 (m, 6H) 7.57 (m, 

2H), 8.52 (m. 2H). 
MS (FD): ^6 440(1^, 100). 

55 
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Preparation 6 

A. [2S-f2^2^3'S?]-H3'-N-(Benzy1oxycarbo^ 
thyl] piperazine-2-N-f-butylcarboxamide [isomer B] 

5 

A solution of 596 mg (1.81 mmd) of [1S-(fRV'S^1-[V-NMbera^ 
hyijoxirane and 500 mg (1 .81 mmol) of the subtitled compound of Preparation 5C in 15 mL of isopropanol were 
heated at 43°C for approximately forty-eight hours. The reaction was monitored using TLC (10% isopropanol 
in methylene chloride containing 1% ammonium hydroxide; Isomer A R, = 0.7; Isomer B Rf = 0.6). When the 

10 reaction was substantially complete, the reaction mixture was concentrated under reduced pressure to provide 
a residue. This residue was purified using radial chromatography (6 mm plate; gradient eluent of 5-15% iso- 
propanol in methylene chloride containing 1% ammonium hydroxide) to provide 200 mg of isomer A as a light 
tan foam and 119 mg of an off-white foam (isomer B). 
Isomer A 

is Yield: 18%. 

i H NMR (CDCI 3 ): 51.31 (s, 9H). 2.25-2.62 (m, 7H), 2.78-2.95 (m t 2H), 2.98-3.08 (m, 1 H), 3.1 0-3.25 (m t 2H), 
3.40-3.55 (m, 2H), 3.72-3.85 (m ( 1 H), 3.90-4.00 (m, 1 H), 5.05 (s, 2H), 7.01 (br.s. 1 H), 7.1 0- 
7.40 (m t 11 H), 7.62 (d, J=7.8 Hz, 1H), 8.49 (s, 2H). 

MS(FD); m/e606(M + , 100). 



Analyse for CmH^NsC^S: 


Calcd: 
Found: 


C, 65.42; 
C, 65.38; 


H, 7.15; 
H, 7.27; 


N, 11.56; 
N, 11.36. 



Isomer B: 
Yield: 11%. 

1 H NMR (CDCI 3 ): 8 1 .33 (s. 9H), 2.25-2.85 (m, 8H), 3.20-3.32 (m, 3H), 3.47 (s, 2H), 3.78-3.95 (m, 2H), 5.06 

(s, 2H) f 5.30-5.38 (m, 1H), 7.10-7.42 (m, 12H), 7.55-7.85 (m f 2H), 8.50-8.60 (m t 2H). 
MS (FD): m/e 606 (M), 497 (100). 



HR MS(FAB) for 


C33H44N5O4S: 


Calcd: 


606.3114; 


Found: 


606.3141. 



40 B. [2S-(2R # > 2 , S* > 3 , S*)]-1-t2 , -Hydroxy-3 , -amino-4'-phenylthiobuty1H-[pyrid-3"-yimethyll piperazine-2- N-f- bu- 
tyl carboxamide 

A solution of 110 mg (0.18 mmol) of isomer B from Preparation 6A in 5 mL of 30% hydrobromic acid in 
acetic acid was stirred at room temperature for approximately 1 hour. The reaction mixture was concentrated 

45 under reduced pressure to provide a residue. This residue was redissolved in 4 mL of ammonium hydroxide. 
The resultant solution was extracted four times with 10 mL portions of a 10% solution of isopropanol in chloro- 
form. The combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced 
pressure to provide a residue. This residue was purified using radial chromatograghy (2 mm plate; gradient 
eluent of 10-30% methanol in methylene chloride containing 1% ammonium hydroxide) to provide 65 mg of a 

so light yellow foam. 
Yield: 72%. 

1 H NMR (CDCI3): 8 1.25 (s t 9H), 2.25-2.78 (m, 7H), 3.00-3.32 (m, 4H). 3.47 (s, 2H) t 3.60-3.75 (m, 1 H), 4.18- 

4.35 (m. 1H) f 6.90-7.65 (m t 9H), 8.40-8.60 (m, 2H). 
MS (FD): m/e 473 (M + , 100). 

55 
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Preparation 7 

3-Methoxycarbonyi-4-methyl benzoate. pentafluorophenyi ester 

5 To a solution of 1.0 g (5.15 mmol) of 3-methoxycarbonyl-4-methyl benzoic acid and 1.9 g (10.3 mmoi) of 

pentafluorophenol in 15 mL of methylene chloride, was added 2.0 g (10.30 mmoi) of EDC. The resulting reac- 
tion mixture was reacted for approximately four hours and then was diluted with methylene chloride. The re- 
action mixture was washed four times with 1M potassium carbonate, dried over sodium sulfate, filtered and 
then concentrated under reduced pressure to provide a crude residue. This residue was purified using column 

10 chromatography (eluent of 50% hexane in ethyl acetate) to provide 1.80 g of a white solid. 
Yield: 97%. 

Example 1 

15 A. N-[(1 '-Oxo-I , -(3"-iodo-4"-methyl)phenyl)methyl]-1 ,2,3,4-tetrahydroisoquinoline 

To a solution containing 5.00 g (19.1 mmol) of 3-iodo-4-methyi benzoic acid and 3.40 g (21.0 mmol) of 1 ,1- 
carbonytdiimidazole in 80 mL of tetrahydrofuran, under nitrogen, was added 2.7 mL (21.0 mmol) of 1 ,2,3,4- 
tetrahydroisoquinoline, by syringe. The resulting reaction mixture was allowed to react for approximately 2 

20 hours and then reduced to dryness under reduced pressure to provide a residue. This residue was redissolved 
in 100 mL of ethyl acetate, washed sequentially with saturated sodium bicarbonate and brine solutions, dried 
over sodium sulfate, filtered and then reduced to dryness under reduced pressure to provide a light yellow oil. 
This oil was purified using flash chromatography (gradient eluent of 14-20% hexane in ethyl acetate) to provide 
6.92 g of a clear oil which solidified on standing. 

25 Yield: 96%. 

1 H NMR (CDCI 3 ): 6 2.46 (s, 3H) ( 2.90 (br.s, 2H), 3.65 (br.s, 1H), 3.95 (br.s, 1H), 4.85 (br.s, 1H), 7.17-7.34 
(m,6H), 7.90 (s,1H). 

IR (CDCI3) : 3010, 1624, 1586, 1547, 1497, 1370, 1300, 1253, 1108, 1050, 1035, 831 cnr 1 . 
MS (FD): m/e 377 (M+, 100). 



30 



Analysis for C 17 H 16 NOI: 


Calcd: 
Found: 


C, 54.13; 
C, 53.89; 


H, 4.28; 
H, 4.24; 


N, 3.71; 
N, 3.61; 


I, 33.64; 
1, 33.52. 



B. N-[1 '-Oxo-I '-(3"-methoxycarbony1-4 M -methyl)phenyl]methyl-1 ,2,3,4-tetrahydroisoquinoline 

A solution containing 6.35 g (16.8 mmol) of the subtitled compound of Example 1A, 3.35 mL (16.8 mmol) 
of dicyclohexylamine and 1 .1 8 g (1 .68 mmol) of bis(triphenylphosphine)paliadium (II) chloride in 1 50 mL of an- 
hydrous methanol was vigorously stirred under an atmosphere of carbon monoxide. When the reaction was 
substantially complete, as indicated by thin layer chromatography (TLC), the mixture was reduced to dryness 
under reduced pressure to provide a residue. This residue was redissolved in 200 mL of ethyl acetate and the 
resulting mixture filtered through celite to remove insoluble organic salts. The filtrate was then washed se- 
quentially with saturated sodium bicarbonate and brine solutions, dried over sodium sulfate, filtered and then 
reduced to dryness under reduced pressure. The resultant material was purified using flash chromatography 
(gradient eluent of 14-20% ethyl acetate in hexane) to provide 4.54 g of the desired subtitled compound as a 
clear oil. 
Yield: 87%. 

*H NMR (CDCI3) : 8 2.64 (s, 3H), 2.90 (br.s, 2H), 3.89 (s, 3H), 3.98 (br.s, 1H), 4.59 (br.s, 1H), 4.87 (br.s, 

1H), 7.05-7.51 (m, 6H), 8.03 (s, 1H). 
IR (CDCI3) 3010, 1722, 1626, 1584, 1497, 1436, 1306, 1268, 1236, 1210, 1149, 1109, 1085 cnr*. 
MS (FD): m/e 309 (M*, 100). 



31 



EP 0 609 625 A1 





Analysis for C 10 H 16 NO 3 : 




Calcd: 


C f 73.77; 


H, 6.19; 


N t 4.53; 


5 


Found: 


C, 73.95; 


H. 6.43; 


N, 4.57. 



C. N-[1 -Oxo- V-(3"-carboxy-4"-methyt)phenyl]methyl-1 ,2,3,4-tetrahydroisoquinoline 

10 To a solution containing 4.25 g (13.8 mmol) of the subtitled compound of Example 1B in 200 ml_ of a 3:1 

tetrahydrof uranVwater mixture, was added 661 mg (27.6 mmol) of lithium hydroxide. The reaction mixture was 
allowed to react for approximately 24 hours. The resulting reaction mixture was then concentrated under re- 
duced pressure and acidified (pH 2-3) by the dropwise addition of 1N hydrochloric acid f resulting in the pre- 
cipitation of the crude product The resulting suspension was combined with 75 mL of ethyl acetate, and the 

15 resulting aqueous and organic layers were separated. The aqueous phase was extracted twice with ethyl acet- 
ate and the combined organic layers were then washed with brine, dried over sodium sulfate, filtered and then 
reduced to dryness under reduced pressure to provide a residue. This residue was filtered through silica gel 
using a solution of 15% methanol in methylene chloride as an eluent to provide 4.05 g of an off-white foam. 
'H NMR (CDCI 3 ): 8 2.68 (s, 3H) f 2.92 (br.s, 2H), 3.67 (br.s, 1H), 4.00 (br.s, 1H), 4.62 (br.s, 1H), 4.91 (br.s, 

20 1H), 7.18-7.58 (m, 6H), 8.17 (s, 1H). 

IR (CDCI 3 ): 3500-2500 (br.), 1699, 1625, 1584, 1498, 1445, 1371, 1301, 1237, 1202, 1167, 1060, 981, 

934, 838 crrr*. 
MS(FD): m/e295(M + , 100). 



25 


Analysis for C ia H 17 N0 3 : 




Calcd: 


C, 73.20; 


H. 5.80; 


N, 4.74; 




Found: 


C, 73.14; 


H. 5.90; 


N, 4.44. 
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D. r3" , S-r3 w /?*^ m S*J>N-[1 , -Oxo-r-(3 w -[1 w -oxc>-2 , "-aza-3 ,, ^phenylmethyl-4" , -hydroxy-5 w, -(2" w -N-f-butytcar- 
bamido)phenyl]pentyl-4"-methyl)phenyl]methyi-1,2 > 3,4-tetrahydroisoquinoline 

To a cold (-10°C) solution containing 59 mg (0.2 mmol) of the subtitled compound of Example 1C, 48 mg 
35 (0.2 mmol) of the subtitled intermediate of Preparation 1 D and 27 mg (0.2 mmol) of 1-hydroxybenzotriazole 
hydrate (HOBT-H 2 0) in 4 mL of anhydrous tetrahydrof uran, was added 41.3 mg (0.2 mmol) of 1,3-dicyctohex- 
ylcarbodiimide (DCC). After approximately 1 0 minutes, the reaction mixture was warmed to room temperature 
and allowed to react overnight The reaction mixture was then diluted with 50 mL of ethyl acetate, filtered 
through celtte, and washed sequentially with water, a saturated sodium bicarbonate and a saturated brine sol- 
40 ution. After drying over sodium sulfate, the reaction mixture was f i Itered and concentrated under reduced pres- 
sure to provide a crude material. This material was purified using rotary chromatography (1 mm plate, 3:2 me- 
thylene chloride/ethyl acetate) to provide 30.2 mg of the desired subtitled compound as a white foam. 
Yield: 24%. 

[a] D -0.99 6 (c=1.014, MeOH). 
45 1H NMR (CDCI3): 6 1.45 (s, 9H). 2.21 (s, 3H), 2.78-3.20 (m, 7H), 3.53 (br.s, 1H), 3.89-3.95 (m, 2H). 4.55- 

4.62 (m, 2H), 4.85 (br.s., 1H), 5.92 (s. 1H), 6.27 (d, J=9.7 Hz, 1H), 7.09-7.43 (m, 16H). 
IR (CDCI3): 3428, 3500-3100 (or.), 3010, 1644, 1514, 1455, 1395, 1368, 1300, 1237, 1223, 1210 cnr*. 
MS(FD): m/e618(M\ 100). 



50 


Analysis for C^H^N^: 




Calcd: 


C, 75.82; 


H, 7.02; 


N, 6.80; 




Found: 


C, 75.60; 


H, 6.89; 


N, 6.87. 



55 
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Example 2 

A. 5 -Methyf-3-methoxycarbonyl benzoic acid 

5 A solution containing 23.93 g (131 mmol) of 5-methylisopthalic acid and 18.2 mL (137 mmol) of N,N-di- 

methylformamide dimethyl acetal in 200 mL of methylene chloride was heated to reflux temperature and al- 
lowed to react for approximately 2 hours. The reaction mixture was then concentrated under reduced pressure 
and the monoacid was separated from the diacid using crude flash chromatography (7% methanol in methy- 
lene chloride: R,(monoacid)=0.5; Rf(diacid)=0. 1-0.3). The fractions containing the monoacid were combined 

10 and reduced to dryness under reduced pressure to provide a residue. This residue was then dissolved in 200 
mLof ethyl acetate and extracted twice with 150 mL portions of 1 M potassium carbonate. The combined aqu- 
eous extracts were acidified using 1N hydrochloric acid (pH 2) and the resulting solution was then extracted 
three times with 150 mL portions of ethyl acetate. The organic extracts were combined, washed with brine, 
dried over sodium sulfate, filtered and then reduced to dryness under reduced pressure to provide a white solid. 

15 This solid was purified by recrystallization from an ethyl acetate/hexane solution) to provide 6.65 g of small 
white needles. 
Yield: 26%. 

m NMR (CDCI3): 6 2.47 (s, 3H), 3.95 (s f 3H), 8.10 (br.s, 2H), 8.57 (s t 1H). 

IR (CDCI3) : 3400-2200 (br.), 1721, 1606, 1441, 1272, 1214, 1129, 985, 757, 703, 584, 475 crrr 1 . 
20 MS (FD): m/e 194 (M*. 100). 



Analysis for C 10 H 10 O 4 : 


Calcd: 
Found: 


C, 61.85; 
C, 61.83; 


H.5.19; 
H.5.31. 



B. N-[(1^Qxo-1'-(3"-methoxycaroonyl^ 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1A, using 1.0 g (5.15 mmol) of the subtitled intermediate of Example 2A, 0.88 g (5.40 mmol) of 1,1-carbonyf- 
diimidazole and 0.68 mL (5.40 mmol) of 1 ,2,3,4-tetrahydroisoquinoline in 10 mL of anhydrous tetrahydrof uran 
to provide a residue. This residue was purified using flash chromatography (gradient eluent of 30-45% ethyl 
acetate in hexane) to provide 1.48 g of a clear oil. 
Yield: 93%. 

1 H NMR (CDCI3): 8 2.43 (s, 3H), 2.90-3.10 (m, 2H), 3.62 (br.s, 1H), 3.91 (s, 3H), 4.01 (br.s, 1H), 4.56 (br.s, 

1H), 4.89 (br.s, 1H), 7.10-7.30 (m, 4H), 7.47 (s, 1H), 7.92 (d, J = 7.0 Hz, 2H). 
IR (CDCI3): 3025, 3010, 1723, 1627, 1441, 1317, 1294, 1238 crrr'. 



MS (FD) m/e 309 (M + , 100). 





Analysis for C 10 H l9 NO 3 : 




Calcd: 


C, 73.77; 


H, 6.19; 


N, 4.53; 


45 


Found: 


C, 73.55; 


H, 6.19; 


N, 4.55. 



C. N-[1 -Oxo-1 , -(3 > '-carboxy-5 w -methyl)phenyl]methyl-1 ,2,3,4-tetrahydroisoquinoline 

so The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1 C, using 304 mg (12.7 mmol) of lithium hydroxide and 1.31 g (4.23 mmol) of the subtitled intermediate of Ex- 
ample 2B in 80 mL of a 3:1 tetrahydrof uran/water mixture to provide a residue. This residue was purified by 
recrystallization from ethyl acetate to provide 1.03 g of a white solid. 
Yield: 90%. 

55 1 HNMR<CDd 3 ) : 8 2.37 (s, 3H), 2.81 (br.s, 2H), 3.52 (br.s, 1 H), 3.81 (br.s. 1H), 4.55 (br.s, 1H).4.74(br.s. 

1H) ( 6.95-7.30 (m f 4H), 7.48 (s, 1H). 7.81 (s, 1H). 
IR (KBr): 3600-2200 (br), 1715, 1577, 1485, 1438. 1280, 1208, 933, 885, 837, 778. 765, 748, 680, 635 
crrr 1 . 
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MS (FD): m/e 295 (M*), 591 (100). 





Analysis for C lfi H 17 N0 3 : 


5 


Calcd: 


C, 73.20; 


H. 5.60; 


N, 4.74; 




Found: 


C, 73.21; 


H, 5.92; 


N ( 4.77. 



D. [3'"S-(3"^4"S*J>N^'-Oxo-1^^ 

mido)ph8ny1]pentyl-5' , -m8thyl)phenyt]methyt>1,2 t 3,4-tetrahydoisoquinoline 

The subtitled compound was prepared substantially In accordance with the procedure detailed in Example 
1 D, using 439 mg (1 .69 mmot) of DCC, 229 mg (1 .69 mmol) of HOBT H 2 0, 500 mg (1 .69 mmol) of the subtitled 
intermediate of Example 2C and 349 mg (1 22 mmol) of the subtitled intermediate of Preparation 1 D in 1 0 mL 
of anhydrous tetrahydrofuran containing 0.5 mL of dimethyiformamide to provide a residue. This residue was 
purified using rotary chromatography (6 mm plate; gradient eluent of 30-50% ethyl acetate in hexane) to provide 
740 mg of a white foam. 
Yield: 71%. 

[a] 0 -18.73° (c=1.004. MeOH). 

'H NMR (CDCI 3 ): 6 1.42 (s, 9H) f 2.35 (s, 3H), 2.78-3.05 (m, 5H) ( 3.54 (br.s. 1H) f 3.90-4.06 (m. 1H), 4.48- 

4.55 (m. 2H), 4.84 (br.s, 1H), 5.94-5.99 (m, 2H), 6.86 (br.s, 1H). 7.12-7.55 <m, 15H). 
IR (CDCI3) : 3600-3100 (br.), 3028, 3008, 1642, 1600, 1515, 1455, 1369, 1233, 1050 crrr'. 
MS (FD): m/e 618 (M + , 100). 



25 


Analysis for C^H^NaO^ 




Calcd: 


C, 75.82; 


H, 7.02; 


N, 6.60; 




Found: 


C t 76.04; 


H, 7.01; 


N, 6.92. 



30 



Example 3 

A. N-[1 '-Oxo-t-(3'Modo-2"-methyl)phenyl]methyM ,2,3,4-tetrahydroisoquinoline 

35 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1A, using 4.93 g (18.82 mmol) 3- todo-2-rrrethyl benzoic acid, 3.36 g (20.70 mmol) of 1,1-carbonyldiimidazole 
and 2.6 mL (20.2 mmol) of 1 ,2,3,4-tetrahydroisoquinoline in 80 mL of anhydrous tetrahydrofuran to provide a 
residue. This residue was purified using flash chromatography (gradient eluent of 14-50% hexane in ethyl acet- 
40 ate) to provide 6.87 g of a light yellow oil which solidified on standing. 
Yield: 97%. 

NMR (CDCI 3 ): 5 2.31, 2.40 (2s, 3H (rotamers)), 2.70-3.05 (m, 2H), 3.40-3.60 (m, 1H), 4.95-4.20 (m, 1H), 
4.32-4.42 (m f 1H), 4.94 (dd, J=35.6; 17.3 Hz, 1H), 6.80-7.40 (m, 6H) ( 7.87 (d, J=7.8 Hz, 
1H). 

45 IR (CDCI3) : 3011, 1626, 1586, 1431, 1338, 1299, 1259, 1200, 1157, 1102, 1048, 1003, 932. 910 cnH. 
MS (FD): m/e 377 (M+, 100). 





Analysis for C 17 H 16 NOI: 


so 


Calcd: 


C, 54.13; 


H, 4.54; 


N, 3.71; 




Found: 


C, 54.35; 


H. 4.15; 


N, 3.55. 



55 



B. N-IV-Oxo-l'-ffl'-methoxvraifronyl-^^ 

The subtitled compound was prepared substantially In accordance with the procedure detailed in Example 
1B, using 6.77 g (17.9 mmol) of the subtitled intermediate of Example 3A, 3.6 mL (17.9 mmol) of dicyctohex- 
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ytamine and 490 mg (0.70 mmol) of bts(triphenylphosphine)paJladium (II) chloride in 230 mL of anhydrous me* 
thanol, under an atmosphere of carbon monoxide to provide a residue. This residue was purified using flash 
chromatography (gradient eluent of 14-25% ethyl acetate in hexane) to provide 3.15 g of a light yellow oil. 
Yield: 57%. 

5 iH NMR (CDCI 3 ): S 2.44. 2.52 (2s, 3H (rotamers)). 2.75-2.85 (m t 1H). 2.97-3.01 (m. 1H). 3.41-3.44 (m, 1H), 

3.90 (s. 3H), 3.92-4.13 (m, 1H), 4.25-4.40 (m. 1H) f 4.96 (dd, J=40.1; 17.4 Hz, 1H). 6.85 
(d, J=7.3 Hz, 0.5H), 7.10-7.36 (m. 4.5H), 7.88-7.91 <m, 1H). 

IR(CDCI 3 ): 1723,1626. 

MS (FD): m/e 309 (M + f 100). 

10 

C. N-[1 , -Oxo-1'-(3"-carboxy-2"»methyl)phenyl]methyl-1,2 t 3 ) 4-tetrahydroisoquinoline 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1 C, using 464 mg (19.4 mmol) of lithium hydroxide and 2.99 g (9.68 mmol) of the subtitled intermediate of Ex- 
15 ample 3B in 200 mL of a 3:1 tetrahydrof uran/water mixture to provide a residue. This residue was purified using 
flash chromatography (eluent of 1:1 ethyl acetate/methytene chloride solution containing 1% acetic acid) to 
provide 2.79 g of a light brown foam. 
Yield: 98%. 

iH NMR (CDCI3): S 2.50, 2.58 (2s t 3H (rotamers)), 2.76-2.81 (m, 1H), 3.01 (t, J=6.1 Hz, 1H) f 3.43-3.47 (m. 
20 1H), 3.99-4.08 (m, 1H), 4.30-4.01 (m, 1H), 4.98 (dd, J=38.7; 17.4 Hz, 1H), 6.87 (d, J=7.2 

Hz, 0.5H), 7.11-7.43 (m, 4.5H), 8.04-8.07 (m, 1H). 
IR (CDCI3): 3600-2400 (br.), 1700. 1626, 1478. 1257, 1222, 1160, 1039 crrr*. 
MS (FD): m/e 295 (M\ 100). 



25 


Analysis for C l8 H 17 N0 3 : 




Calcd: 


C. 73.20; 


H. 5.80; 


N. 4.74; 




Found: 


C, 73.45; 


H, 5.66; 


N, 4.80. 
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D. [T'S-jX'R^S'Jl-N-fr-Oxo-^^ 

bamido)phenyl]methyl-2"-methyl)phenyl]methyi- 1,2,3,4-tetrahydoisoquinollne 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
35 1 D, using 176 mg (0.85 mmol) of DCC, 250 mg (0.85 mmol) of the subtitled intermediate of Example 3C t 290 
mg (1.01 mmol) of the subtitled intermediate of Preparation 1D and 115 mg (0.85 mmol) of HOBT H 2 0 in 10 
mL of anhydrous tetrahydrof uran to provide a residue. This residue was purified using rotary chromatography 
(4 mm plate; gradient eluent of 30-60% ethyl acetate in methylene chloride) to provide 373 mg of a white foam. 
Yield: 71%. 
40 [a] D -13.34° (c=1 .004. MeOH). 

'H NMR (CDCI3): 6 1.46 (s, 9H), 1.91, 1.97. 2.11, 2.20 (4s, 3H (rotamers)), 2.72 (br.s. 1H), 2.86-3.20 (m, 
6H), 3.39 (br.s f 1H), 3.8(M.01 (m, 2H), 4.28 (m, 1H), 4.59 (br.s. 1H), 4.78 (d, J=17.2 Hz, 
1H), 4.99 (d, J=17.6 Hz, 1H), 6.04 (br.s, 1H), 6.33 (br.s, 1H), 6.86-7.41 <m, 16H). 
IR (CDCI 3 ) : 3600-3100 (br.), 3009, 1642, 1514, 1455, 1369, 1300 arr\ 
45 MS (FD): m/e 618 (M*) , 220 (1 00). 





Analysis for C39H43N3O4: 




Calcd: 


C, 75.82; 


H, 7.02; 


N, 6.80; 


50 












Found: 


C, 75.53; 


H, 7.03; 


N, 6.71. 



Example 4 

55 

A. N-[1 '-Oxo-1 '-(3"-iodo-4"-ethy1)phenyllmethyl-1 ,2,3,4-tetrahydroisoqulnoline 

The subtitled compound was prepared substantially in accordance with the procedure detailed In Example 

35 



EP 0 609 625 A1 



1A, using 4.74 g (17.17 mmol) of 4-ethyl-3-iodobenzoic acid, 2.80 g (17.17 mmol) of 1,1-carbonyidiimidazole 
and 2.2 mL (17.17 mmol) of 1,2,3,4-tetrahydroisoquinoline in 70 mL of anhydrous tetrahydrofuran, under ni- 
trogen to provide a residue. This residue was purified using flash chromatography (eluentof 14% ethyl acetate 
in hexane) to provide 4.40 g of a light yellow oil, which solidified on standing. 
5 Yield: 65%. 

1H NMR (CDCI 3 ): 6 122 (t J=7.5 Hz, 3H). 2.76 (q, J=7.5 Hz, 2H), 2.90 (br.s, 2H) t 3.59-4.05 (m, 2H). 4.50- 

4.95 (m. 2H). 6.90-7.38 (m. 6H), 7.90 (s, 1H). 
IR (CDCI 3 ) : 3010, 2974, 1624. 1586, 1545, 1498, 1434, 1299, 1253, 1220, 1034, 840 cnr 1 . 
MS (FD): m/e 391 (M + , 100). 



Analysis for C 1fl H ie NOI; 


Calcd: 
Found: 


C, 55.26; 
C, 54.96; 


H, 4.64; 
H, 4.71; 


N, 3.58; 
N, 3.67; 


I. 32.44; 
I, 32.48. 



B. N-[1 '-Oxo-1 '-(3"-methoxycarbonyl-4"-ethyl)phenyi]methyl-1 ,2,3,4-tetrahydroisoquinoline 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1 B, using 4.13 g (10.56 mmol) of the subtitled intermediate of Example 4A, 2.2 mL (11 .09 mmol) of dicyclo- 
hexylamine and 140 mg (0.20 mmol) of bis(triphenylphosphine) palladium (II) chloride In 200 mL of anhydrous 
methanol and under an atmosphere of carbon monoxide to provide a residue. This residue was purified using 
flash chromatography (gradient eluent of 11-20% ethyl acetate in hexane) to provide 1.76 g of a light yellow 
oil. 

Yield: 52%. 

*H NMR (CDCI3): 6 1.25 (L J=7.4 Hz, 3H), 2.80-3.10 (m, 4H) ( 3.60-4.05 (m, 5H), 4.50-4.95 (m, 2H), 7.19- 

7.25 (m, 4H), 7.34 <d. J=7.9 Hz, 1H), 7.52 (d, J=7.9 Hz, 1H), 7.97 (s, 1H). 
IR (CDCI3) : 3010. 1724, 1625, 1585, 1498, 1435, 1299, 1234, 1194, 1151, 1109, 1088, 1051 cnH. 



MS (FD) : m/e 323 (M\ 100). 

30 





Analysis for C2oH 21 N03: 




Calcd: 


C, 74.28; 


H, 6.25; 


N, 4.34; 


35 


Found: 


C, 74.02; 


H. 6.50; 


N, 4.59. 



C. N-[1 '-Oxo-1 , -(3"-carboxy-4"-ethyl)phenyl1methyl-1,2,3,4-tetrahydroisoquinoiine 

40 The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 

IC, using 357 mg (14.91 mmol) of lithium hydroxide and 1.60 g (4.97 mmol) of the subtitled intermediate of 
Example 4B in 40 mL of a 3:1 tetrahydrofuran/water, with the exception that the mixture was allowed to react 
overnight at 50°C. The resultant residue was purified using column chromatography (activated charcoal) to 
provide 1.35 g of a white foam. 

45 Yield: 88%. 

'H NMR (CDCI3) 6 1.27 (t, J=7.5 Hz, 3H), 2.96 (br.s. 2H), 3.10 (q, J=7.4 Hz. 2H), 3.66 (br.s, 1 H), 3.99 (br.s, 
1H). 4.62 (br.s, 1H), 4.89 (br.s, 1H), 7.13-7.25 (m, 4H), 7.38 (d, J=7.9 Hz, 1H), 7.58 (d, 
J=7.2 Hz, 1H), 8.12 (d, J=1.6 Hz, 1H). 
IR (KBr) : 3600-2300 (br.) ( 1700, 1625, 1497, 1443, 1300, 1237, 1150, 1109, 1048, 933 crrr 1 . 

50 MS (FD): m/e 309 (M\ 100). 

D. [3'"S-f3 w /^4 w S*J]-N-[1^ 

bamido)phenyl]penthyl-4"-ethyl)phenyqmethyl-1,2 f 3 t 4-tetrahydoisoquinoline 

55 The subtitled compound was prepared substantially in accordance with the procedure detailed In Example 

ID, using 206 mg (1.0 mmol) of DCC, 300 mg (0.97 mmol) of the subtitled intermediate of Example 4C, 341 
mg (1.18 mmol) of the subtitled intermediate of Preparation 1D and 135 mg (1.0 mmol) of HOBT H 2 O t in 6 mL 
of cold (-10°C) anhydrous tetrahydrofuran to provide a residue. This residue was purified using rotary chro- 
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matography (6 mm plate, gradient eiuent of 1-5% methanol in methylene chloride) to provide 410 mg of an off- 
white foam. 
Yield: 67%. 

iH NMR (CDCI 3 ): 5 1.07 (t, J=7.6 Hz, 3H), 1.45 (s. 9H). 2.54 (q. J=7.5 Hz, 2H), 2.70-3.30 (m, 5H), 3.55 (br.s, 
5 1H). 3.91-3.95 (m, 1H), 4.40-4.65 (m, 2H) f 4.83 (br.s, 1H). 5.97 (s, 1H). 6.32 (br.d, J=9.2 

Hz, 1H), 6.90-7.60 (m, 16H). 
IR (CDCI3) : 3009. 1645, 1514, 1455, 1236,1213 crrr 1 . 
MS(FD): m/e632(M + , 100). 

10 Example 5 

A. N-[1 '-Oxo-1 '-(3"-methoxycarbonyl-6"-(methyi)phenyl]methyl*1 .2.3,4-tetrahydroisoquinoline 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
15 1 A, using 100 mg (0.52 mmol) of 6-methyl-3-methyl ester-1-benzenedicarboxylic acid, 84 mg (0.52 mmol) of 
1,1-carbonytdiimidazole and 0.07 mL(0.52 mmol) of 1,2,3,4-tetrahydroisoquinoline in 4 mLof tetrahydrofuran 
to provide a residue. This residue was purified using purified using rotary chromatography (2 mm plate; gra- 
dient eiuent of 25-50% hexane in ethyl acetate) to provide 109 mg of a clear oil. 
Yield: 71%. 

20 1H NMR (CDQ 3 ): 6 2.27, 2.38 (2s, 3H (rotamers)), 2.80-3.00 (m, 2H), 3.46 (br.s, 1 .5H), 3.90 (s, 3H). 4.10- 

4.40 (m, 1.5H), 5.29 (br.s, 1H), 6.85 (d f J=7.3 Hz, 0.5H), 7.11-7.34 (m, 4.5H), 7.88-7.98 
(m f 2H). 

IR (CHCI 3 ): 3009, 1721, 1628, 1469, 1437, 1306, 1263, 1238, 1223, 1211. 1127 cnr 1 . 
MS (FD): m/e 309 (M* ( 100). 



Analysis for C 1B H 19 N0 3 : 


Calcd: 
Found: 


C, 73.77; 
C, 73.53; 


H, 6.19; 
H, 6.35; 


N, 4.53; 
N, 4.46. 



B. N-[1 , -Oxo-1'-(3 M -cart>oxy-6 M Hnfiethyl)phenyl]methyl-1,2,3 f 4-tetrahydroisoquinoline 

^ The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 

1C, using 18 mg (0.74 mmol) of lithium hydroxide and 109 mg (0.34 mmol) of the subtitled intermediate of Ex- 
ample 5A in 10 mL of a 3:1 tetrahydrof uran/water mixture, with the exception that after acidifying the reaction 
mixture, the compound was extracted using a 3:1 methylene chloride/isopropyl alcohol solution. The resultant 
residue was purified using rotary chromatography (2 mm plate; eiuent of 1% acetic acid in a 1:1 ethyl acet- 
ate/methylene chloride solution) to provide 107 mg of a foam. 
40 1H NMR (CDCI3) 62.28, 2.39 (2s, 3H (rotamers)), 2.80-3.00 (m, 2H), 3.47 (br.s, 1H), 3.81 (br.s, 0.5H), 4.20- 

4.44 (m, 1.5H), 4.80-5.06 (br.s, 1H), 6.85 (d, J=7.3 Hz, 0.5H), 7.11-7.36 (m, 4.5H), 7.94- 
8.02 (m, 2H). 

IR (CHCI3): 3600-2400 (br.), 1698, 1628, 1498, 1447, 1300, 1240, 1159, 1129, 1048, 910 crrr 1 . 
MS (FD): m/e 295 (M + , 1 00). 

45 

C. [3 m S-f3"f?* > 4" , S*jl-N-[r-Oxo-r-(3 ,, -[1 m -oxo-2 ,,, -aza-3 w, -phenylmethyl-4 m -hydroxy-5 ,,, -(2 w, -N-f- butylcar- 
bamido)phenyllpentyl-6"-methyl)phenyl]methyl-1,2,3 f 4-tetrahydoisoquinoline 

^ A solution containing 90 mg (0.30 mmol) of the subtitled intermediate of Example 5B and 52 mg (0.32 
mmol) of 1,1-carbonyldi imidazole in 3 mL of tetrahydrofuran was stirred for 60 minutes, under nitrogen. To 
this solution was added 109 mg (0.38 mmol) of the subtitled intermediate of Preparation 1D resulting in a dear 
yellow solution. After reacting overnight, this solution was reduced to dryness under reduced pressure to pro- 
vide a residue. This residue was redissolved in 100 mL of ethyl acetate and filtered through celite. The filtrate 

55 was extracted sequentially with saturated saturated sodium bicarbonate and brine solutions, dried over sodium 
sulfate filtered and reduced to dryness under reduced pressure to provide a material. This material was purified 
using rotary chromatography (2 mm plate; gradient eiuent of 50-1 00% ethyl acetate in hexane) to provide 100 
mg of a white foam. 
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Yield: 54%. 

[a] D -21.13° (c=1.003, MeOH). 

1 H NMR (CDCI 3 ): 6 1.43 <s. 9H), 2.20, 2.31 (2s, 3H (rotamers)), 2.66-3.05 (m. 6H) t 3.39 (br.s. 1H), 4.05- 
4.40 (m, 2H), 3.90 (br.s, 1H), 4.52 (br.s, 1H), 4.88 (br.s, 1H), 6.14 (br.s, 1H), 6.80-7.65 (m. 
5 17H). 

IR (CHCI 3 ): 3600-3100 (br.). 3431, 3027, 3010, 1641, 1516, 1455, 1368. 1234, 1048 crtr\ 
MS(FD): m/e61B(M + , 100). 





Analysis for C^H^^O^ 


10 


Calcd: 


C, 75.82; 


H, 7.02; 


N, 6.80; 




Found: 


C, 75.58; 


H, 7.27; 


N, 6.71. 



Example 6 

[3S-(3^4aR^8aft^2^3'R';]-2^ 
droisoquinolin-1'"-ylcarbonyl}-6''-methyl)phem 

The titled compound was prepared substantially in accordance with the procedure detailed in Example 
1 D using 256 mg (1 .24 mmol) of DCC, 1 68 mg (1 .24 mmol) of HOBTH 2 0, 366 mg (1 .24 mmol) of the subtitled 
intermediate of Example 1 C and 500 mg (1 .24 mmol) of the subtitled intermediate of Preparation 2B in 1 5 mL 
of cold (-10°C) anhydrous tetrahydrofuran to provide a residue. This residue was purified using rotary chro- 
matography (6 mm plate; eluent of 3% methanol in methylene chloride) to provide 489 mg of an off-white foam. 
Yield: 58%. 

[ah -69.1017° (c=1.013, MeOH). 

'H NMR (CDCi 3 ): 6 1.13 (s, 9H), 1.20-2.10 (m, 14H), 2.20-2.35 (m, 4H), 2.50-3.05 (m, 7H) f 3.37-3.60 (m, 
2H), 3.80-4.10 (m, 2H), 4.40-4.70 (m, 2H), 4.85 (br.s. 1H), 5.67 (br.s, 1H), 6.72 (br.d. J = 
8.4 Hz, 1H) f 6.95-7.34 (m, 12H, aromatic). 

IR (KBr): 3600-3150 (br.), 3009, 1627, 1514, 1455, 1247, 1047 crrr'. 

MS(FD): m/e679(M + ),578(100). 





Analysis for C42H54N4O4: 


35 


Calcd: 


C, 74.30; 


H, 8.02; 


N, 8.25; 




Found: 


C, 74.07; 


H f 8.00; 


N, 8.22. 



40 Example 7 

A. 2-[(2'-hHMethyl)aza-3'Hjxo-3'-P"-m^ 

A solution of 1.91 g (9.86 mmol) of 4-methyl-3-methoxycarbonyl benzoic acid, 2.6 mL(34.8 mmol) of thionyl 
45 chloride and 1 drop of dimethytformamide in 50 mL of benzene was heated at reflux for 2 hours, under nitrogen. 
The reaction mixture was then reduced to dryness under reduced pressure to provide a residue which was 
redissolved in 200 mL of ethyl acetate and then slowly added to a cold (-10°C) solution of 1.86 g (11.6 mmol) 
of 2-(2-azopropyl)qulnoline in 30 mL of 1:2 pyridine/methylene chloride. The resulting mixture was gradually 
warmed to room temperature and then concentrated under reduced pressure to provide a residue. This residue 
50 was redissolved in 1 00 mL of ethyl acetate, washed sequentially with water, saturated sodium bicarbonate and 
brine, dried over sodium sulfate and then filtered. The desired subtitled compound was purified using flash 
chromatography (gradient eluent of 1-5% methanol in methylene chloride) to provide 1.29 g of a light yellow 
oil. 

Yield: 38%. 

55 'H NMR (CDCI3): 6 2.57, 2.63 (2br.s, 3H (rotamers)), 3.03, 3.15 (2br.s, 3H (rotamers)). 3.67, 3.90 (2br.s, 

3H (rotamers)), 4.77, 5.05 (2br.s, 2H, (rotamers)), 7.10-8.25 (m, 9H). 
IR (CHCI3) : 2977, 1724, 1631, 1239, 1047 cirr 1 . 
MS (FD): m/e 347 (M+, 100). 



25 
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Analysis for C21H20N2O3: 




Calcd: 


C, 72.40; 


H, 5.79; 


N, 8.04; 


5 


Found: 


C, 72.23; 


H, 5.93; 


N, 8.07. 



B. 2*[2'-^(Methyt)a2a-3 , -oxo-3 , -[3 w -carboxy^ ,, -methyl]phenyl)propyl]quinoltne 

10 The desired subtitled compound was prepared substantially in accordance with the procedure detailed in 

Example 1 C, using 76 mg (3.18 mmol) of lithium hydroxide and 367 mg (1.06 mmol) of the subtitled intermedi- 
ate of Example 7A in 20 mL of a 2:1 tetrahydrof uran/water mixture to provide 330 mg of an off-white solid. 
Yield: 94%. 

1H NMR (DMSO-de): $ 2.40-2.60 (m t 3H), 2.96 (s, 3H), 4.69, 4.90 (2br.s, 2H (rotamers)). 7.20-8.00 (m, 8H), 
is 8.35 (br.s, 1H). 

IR (CHCI 3 ): 3600-2400 (br.), 1700, 1631, 1507, 1403. 1248, 1204, 1085, 830 carK 
MS(FD): m/e335(M + , 100). 

C. [3S-f3/?Va^8a^2'S^3'ft:)]-2-r2^^^ 

20 thyl)aza-3'"-quinolin-2 ,m -ylpropyi}-6"- methyl)phenyl]pentyi-decahydroisoquinoline-3-N-f-butylcarboxamide 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1D, using 126 mg (0.61 mmol) of DCC, 83 mg (0.61 mmol) of HOBT H 2 O f 202 mg (0.61 mmol) of the subtitled 
intermediate of Example 7B and 245 mg (0.61 mmol) of the subtitled intermediate of Preparation 2B in 5.5 mL 
25 of anhydrous tetrahydrof uran containing 0.5 mL of dimethytformamide to provide a residue. This residue was 
purified using rotary chromatography (2 mm plate; eluent of 5% methanol in methylene chloride) to provide 
272 mg of an off-white foam. 
Yield: 62%. 

[a] D -59.0476° (c=1.05, MeOH). 
30 1 H NMR (CDCI3): 6 1.16 (s, 9H), 1.15-3.20 (m, 24H), 3.90-4.10 (m, 2H) ( 4.56 (br.s, 1 H), 4.72, 5.03 (2br.s. 

2H, (rotamers)), 6.00 (br.s, 1H), 6.55-6.80 (m, 1H), 7.00-8.25 (m, 14H). 
IR (CHCI3): 3650-3150 (br.), 2929, 1632 (br.), 1509, 1455, 1245, 1047 cnr*. 
MS(FD): m/e 719 (1^,617 (100). 

35 Example 8 

A. N-[1 , -Oxo-1 , -(3 ,, -carboxy)phenylmethyl1-1,2.3,4-tetrahydroisoquinoline 

To a cold (-5°C) solution of 22.3 mL (315 mmol) of thionyl chloride in 35 mL of benzene containing 350 uL 
40 of dimethyiformamide, was added 25.0 g (150 mmol) isophthalic acid was added in one portion. The reaction 
mixture was refluxed for approximately 16 hours, cooled to room temperature and then reduced to dryness 
under reduced pressure to provide a residue. This residue was azeotroped once with benzene and then diluted 
with 200 mLof diethyl ether. The resultant solution was cooled to -10°C, followed by the dropwise addition of 
18.8 mL (150 mmol) of 1,2,3,4-tetrahydroisoquinoIine. The reaction was then quenched with 100 mL water. 
45 The organic and aqueous layers were separated and the organic layer was dried over sodium sulfate, filtered 
and then concentrated under reduced pressure to provide a residue. This residue was purified using flash chro- 
matography to provide 477 mg of a colorless foam. 
Yield: 1%. 

'H NMR (DMSO-de): 6 2.69-2.87 (br.s, 2H), 3.83-4.22 (br.s. 4H), 4.73-4.80 (br.s. 1H), 7.02-7.27 (m. 4H), 
so 7.41-7.47 (m, 2H), 7.94-8.06 (m, 2H). 

MS (FAB): 282 (NT), 119 (100). 

B. N-[1 -Oxo-1 '-3"-pentafluorophenoxycarbonyl)phenylmethyll-1 ,2,3,4-tetrahydroisoquinoline 

55 To a cold (0°C) soluton of 210 mg (0.75 mmol) of the subtitled intermediate from Example 8Aand 207 mg 

(1.13 mmol) pentafluorophenol in 5 mL of anhydrous tetrahydrofuran, was added 173 mg (0.90 mmol) of 1- 
ethyl-3-[3-dim6thylamino)propyl]-carbodiimlde hydrochloride (EDC). The resulting reaction mixture was al- 
lowed to warm to room temperature and react for about 4 hours, at which time it was diluted with 10 mL of a 
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3:1 chloroform/isopropanol solution and washed sequentially with saturated sodium bicarbonate and brine sol- 
utions. The resulting layers were separated and the organic layer was dried over sodium sulfate, filtered and 
then concentrated under reduced pressure to provide a residue. This residue was purified using rotary chro- 
matography to provide 74 mg of a colorless foam. 
5 Yield: 22%. 

m NMR (CDCI3): 6 2.83-3.08 (m. 2H), 3.62-3.73 (br.s. 1H). 3.92-4.13 (br.s 1H), 4.58-4.63 (br.s, 1H), 4.82- 
4.98 (br.s. 1H). 7.07-7.33 (m, 4H). 7.59-7.68 (m. 1H). 7.76-7.81 (m. 1H). 8.26-8.34 (m, 
2H). 

MS(FD): 447 (IT), 447 (100). 

10 

C. [3'"S-f3 w ^4'»S*;i-N-[1^Qxo-1X3M^ 
bamido)phenyl]pentyl)phenyt]methyl-1 > 2 f 3,4-tetrahydroisoquinoline 

A solution of 72 mg (0.016 mmol) of the subtitled intermediate from Example 8B in 3 mL of anhydrous 
is methylene chloride was added via cannula to a solution of 52 mg (0.15 mmol) of the subtitled intermediate 
from Preparation 1D in 5 mL anhydrous methylene chloride. To this solution was added 19 uL (0.18 mmol) of 
4-methylmorpholine via syringe and the resulting reaction mixture was allowed to react for approximately 16 
hours. The reaction mixture was then washed sequentially with saturated sodium bicarbonate, 2N sodiumhy- 
drogen-sulfate and brine solutions. The organic layer was dried over sodium sulfate, filtered and then concen- 
20 trated under reduced pressure to provide a residue. This residue was purified using rotary chromatography to 
provide 27 mg of a colorless foam. 
Yield: 30%. 

1 H NMR (CDCI3) : 5 1.44 (s, 9H), 2.73-3.11 (m, 6H), 3.50-3.61 (br.s, 1H), 3.88-4.00 (m, 2H), 4.46-4.62 

(m f 2H) 4.83-4.90 (br.s, 1H), 5.87 (d, J=6Hz, 1H), 6.16 (s, 1H), 7.13-7.56 (m, 16H). 
25 7.71-7.80 (m, 2H). 

MS (FD): 604 (M+), 604 (1 00). 

Example 9 

30 A. N-(NButoxycarbonyl)methylamine 

To a cold (0°C) solution of 22 g (0.33 mmol) of methylamine hydrochloride in 550 mL of anhydrous methy- 
lene chloride, was added 48 mL (0.34 mol) of triethytamine followed by 75 g (0.34 mol) of t-butoxycarbonytan- 
hydride. The resultant reaction mixture was reacted for approximately one hour at 0°C, warmed to room tenv 
35 perature and allowed to react overnight The reaction mixture was then diluted with water. The resultant layers 
were separated and the organic layer was washed with water, dried over sodium sulfate, filtered and concen- 
trated to provide 47.4 g of a clear oil. 
Yield: 

40 B. 2-((N-(Methyl)-N-(f-butoxycarbonyl)amino)methyl)pyridine 

To a cold (0°C) solution of 3.0 g (18.30 mmol) of 2-(chloromethyl)pyridine and 2.0 g (15.25 mmol) of the 
subtitled compound of Example 9A in 40 mL of anhydrous dimethylformamide, was added 1.12 g (27.9 mmol) 
of sodium hydride. After the resultant reaction mixture was warmed to room temperature, 5.5 g (36.6 mmol) 

45 of sodium iodide was slowly added. The reaction mixture was allowed to react overnight and then was poured 
into a saturated solution of sodium bicarbonate and the resulting emulsion was diluted with water. The resulting 
layers were separated and the aqueous layer was extracted twice with methylene chloride. The combined or- 
ganic extracts were dried over sodium sulfate, filtered and concentrated to provide crude material. The crude 
material was purified using flash chromatography (gradient eluent of 20-50% ethyl acetate in hexane) to pro- 

so vide 69 mg of a yellow oil. 
Yield: 20%. 

*H NMR (CDCI3): 8 1.20-1.75 (m. 9H), 2.75-3.10 (m, 3H), 4.40-4.62 (m. 2H), 7.13-7.31 (m, 2H), 7.60-7.73 

(m. 1H), 8.53 (d. J=4.38 Hz, 1H). 
IR (CHCI3): 3010, 2980, 2935, 1687, 1594, 1573, 1479, 1455. 1421, 1394, 1369, 1305, 1249, 1172, 1152, 
55 1050 f 879cnr 1 . 
MS (FD): m/e 223 (M + , 100). 
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C. 2-((N-(Methyl)amino)methyl)pyridine hydrochloride 

Asolution of 300 mg (1.35 mmol) and 5 mLof 5N aqueous hydrochloric acid in 5 mLof dioxane was reacted 
overnight The resultant reaction mixture was concentrated under reduced pressure to provide a residue. This 
5 residue was azeotroped with toluene and then reduced to dryness under reduced pressure to provide an amor- 
phous yellow solid. This solid was used without further purification. 

*H NMR (DMSO-de) : 8 2.50-2.63 (m, 3H), 4.25-4.45 (m, 2H), 7.61-7.65 (m, 1H). 7.86 (d. J=7.84 Hz, 1H), 

8.12-8.14 (m, 1H), 8.71 (d, J=4.90 Hz, 1H). 

10 D. 2-[(2'-N-(Methyl)aza-3 , -oxo-3 , -[3 w -methoxycart)onyl-4 w - methyl]phenyl)propyl]pyridine 

Asolution containing 260 mg (1.33 mmol) of the subtitled compound of Example 9C. 238 mg (0.66 mmol) 
of the titled compound of Preparation 7, and 0.5 mL of triethylamine in 5 mL of anhydrous methylene chloride 
was reacted overnight The resultant reaction mixture was diluted with methylene chloride and then extracted 
is three times with 1 M potassium carbonate. The combined organic extracts were dried over sodium sulfate, fil- 
tered and then concentrated under reduced pressure to provide crude material. This material was purified using 
radial chromatography (4mm; gradient eluent of 0-5% methanol in methylene chloride) to provide 154 mg of a 
yellow oil. 
Yield: 40%. 

20 1 H NMR (CDCI 3 ): 8 2.50-2.80 (m, 3H), 2.90-3.20 (m, 3H), 3.70-4.00 (m, 3H), 4.50-4.95 (m, 2H), 7.05-7.77 

<m f 6H), 8.05 (s, 1H), 8.57 (d, J=3.91 Hz, 1H). 
IR(CHCI 3 ): 3027, 3008, 2954, 1723, 1631. 1594, 1573, 1477, 1437, 1404. 1303, 1249, 1088, 1077 
crrr 1 . 



MS (FD): m/e 298 (M + , 100). 



25 


Analysis for C 17 H 18 N 2 0 3 : 




Calcd: 


C, 68.44; 


H, 6.08; 


N, 9.39; 




Found: 


C, 68.64; 


H, 6.21; 


N, 9.27. 



E. 2-[(2'-N-(Methyl)aza-3'-oxo-3'-[3'-carboxy-4"-methyl]phenyl)propyl)pyridine hydrochloride 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed in 
35 Example 1C, using 99 mg (0.33 mmol) of the subtitled compound of Example 9D and 16 mg (0.66 mmol) of 
lithium hydroxide in 8 mL of a 3:1 mixture of tetrahydrof uran and water to provide 94 mg of a solid which was 
used without further purification. 

1 H NMR (DMSO-de): 8 2.40-2.60 (m, 3H), 2.85-3.10 (m, 3H). 4.60-5.05 (m, 2H), 7.20-8.85 (m, 7H). 
IR (CHCI3) : 3700-1800 (br.), 1713, 1635, 1537, 1518, 1484. 1470, 1404. 1356, 1306, 1236, 1085, 997, 
40 981 crrr'. 

MS (FD): m/e285(lvT. 100). 

F. g'R-f27^3'S*^2-(2^Hydroxy 

45 2 ,w -ylpropyll-6"-methyl)-phenyl]pentyl -N-t-butylbenzamide 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1 D, using 95 mg (0.28 mmol) of the subtitled compound of Preparation 1 D, 93 mg (0.29 mmol) of the subtitled 
compound of Example 9E, 38 mg (0.28 mmol) of HOBT H 2 0 and 58 mg (0.28 mmol) of DCC in 5 mL of tetra- 
^ hydrof uran. The resultant crude matrial was purified using radial chromatography (2mm; gradient eluent of 2- 
4% methanol in methylene chloride) to provide 50 mg of a white solid. 
Yield: 28% 

1 H NMR (CDCI3) : 8 1.46 (s, 9H), 2.10-2.22 (m, 3H), 2.80-3.22 (m, 7H), 3.80-3.98 (m, 1H), 4.48-4.65 (m, 

2H), 4.70-4.95 (m, 1H), 5.95-6.40 (m, 3H), 7.05-7.78 (m, 15H), 8.50-8.62 (m, 1H). 
IR (CHCI3) : 3600-3100 (br.), 2974, 2931, 1643, 1573, 1514, 1485, 1455, 1437. 1395, 1368, 1311, 1233, 

1077, 1049, 910, 882 crrr'. 
MS (FD): m/e 607 (MM 00). 
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Example 10 



thyl)aza-3' M -pyrid-2' ,, '-ylpropyl}-6 w -methyt)phenyi]pentyl decahydroisoquinoline-3-N-lbutylcarboxamide 

5 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
2D, using 124 mg (0.31 mmol) of the subtitled compound of Preparation 2B, 44 mg (0.33 mmol) of the subtitled 
compound of Example 9E, 42 mg (0.31 mmol) of HOBT H 2 0 and 64 mg (0.31 mmol) of DCC in 5 ml_ of anhy- 
drous tetrahydrof uran and 0.5 mL of anhydrous dimethyfformamide. The resultant crude material was purified 
10 using radial chromatography (2mm; gradient eluent of 0-5% methanol in methylene chloride) to provide 111 
mg of an off-white foam. 
Yield: 50%. 

1 H NMR (CDCI 3 ): 5 1.13 (s, 9H), 1.20-2.35 (m, 19H), 2.50-2.70 (m, 2H) f 2.90-3.10 (m, 4H) t 3.25-3.60 <m. 

1H), 3.92-4.10 (m, 2H). 4.50-4.66 <m, 2H) f 4.80-4.92 (m, 1H), 5.60-5.76 (m. 1H), 6.50- 
15 6.78 (m, 1H), 7.06-7.44 (m, 9H). 7.60-7.80 (m. 1H), 8.54-8.61 (m. 1H). 

IR (CHCI3): 3600-3100 (br.) t 3000. 2929, 2865, 1669, 1632, 1572, 1512, 1455. 1437, 1394, 1368, 1305, 
1277, 1148, 1077, 983, 909 cnr 1 . 



MS (FD): m/e 667 (M*. 100). 



20 


Analysis for C^H^NsC^: 




Calcd: 


C. 71.93; 


H, 8.00; 


N, 10.49; 




Found: 


C t 72.17; 


H, 7.71; 


N, 10.40. 



25 



Example 11 

A. 3-((N-(Methyl)-N-(f-butoxycarbonyl)amino)methyi)pyridine 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
9B, using 6.0 g (45.7 mmol) of the subtitled compound of Example 9A, 9.02 g (55.0 mmol) of 3-(chlorome- 
thyl)pyridine, 10.3 g (68.5 mmol) of sodium iodide, 4.1 g (103 mmol) of 60% sodium hydride in 100 mL of di- 
methyiformamide. The crude material was purified using radial chromatography (6mm; 20-100% ethyl acetate 
in methylene chloride) to provide 760 mg of an orange oil. 

'H NMR (CDCI 3 ): 8 1.48 (s, 9H), 2.85 (br.s, 3H), 4.44 (s, 2H). 7.25-7.32 (m, 1H), 7.50-7.65 (m. 1H), 8.50- 

8.60 (m, 2H). 
MS (FD) : m/e 285 (M*. 100). 

B. 3-((N-(Methyl)amino)methyl)pyridine 

The subtitled compound was deprotected substantially in accordance with the procedure detailed in Ex- 
ample 9C. 

C. 3-[(2-N-(Methyl)aza-3 , -oxo-3 , -[3"-methoxyrartx)nyi-4 w -methynphenyl)propyl]pyridine 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
9D using 488 mg (4.0 mmol) of the subtitled compound of Example 11B, 700 mg (2.0 mmol) of the titled com- 
pound of Preparation 7 in 8 mL of methylene chloride, with the exception that triethylamine was not added to 
the reaction mixture. The crude material was purified using radial chromatography (4mm; 2-4% methanol in 
methylene chloride) to provide 495 mg of a clear oil. 
Yield: 83%. 

1 H NMR (CDCI3): 8 2.64 (s, 3H), 2.90-3.1 5 (s, 3H), 3.90 (s. 3H), 4.50-4.90 (m, 2H), 7.25-7.40 (m, 2.5H), 7.40- 

7.55 (m, 1H), 7.70-7.85 (m, 0.5H), 8.03 (s, 1H), 8.50-9.00 (m, 1H). 
IR (CHCI3): 3008, 1724, 1632, 1580, 1503, 1481, 1437, 1425, 1405, 1306, 1260, 1224, 1192, 1163, 1081, 

1076, 1030, 836 arrK 
MS (FD): m/e 298 (M+, 100). 
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Analysis for CtyHia^Os: 




Calcd: 


C, 68.44; 


H, 6.08; 


N, 9.39; 


5 


Found: 


C, 68.16; 


H, 6.35; 


N, 9.42. 



D. 3-[(2-N-(Methyl)a2a-3 , ^xo-3 , -[3 M <arboxy^"-methyllphenyl)propyllpyridine hydrochloride 

10 The desired subtitled compound was prepared substantially in accordance with the procedure detailed in 

Example 1C, using 189 mg (0.63 mmol) of the subtitled compound of Example 11C and 46 mg (1.9 mmol) of 
lithium hydroxide in 10 mL of a 3:1 mixture of tetrahydrof uran and water, with the exception that the reaction 
mixture was acidified to pH 2 using 5N hydrochloric acid followed by the addition of lithium chloride. The re- 
sultant mixture was washed several times with isopropanol, dried over sodium sulfate, filtered and reduced 

is to dryness under reduced pressure to provide 150 mg of an off-white foam. 

'H NMR (CDCI 3 ) ; 6 2.68 (s. 3H). 3.03 (s, 3H), 4.60-5.00 (m. 2H) f 7.10-7.70 (m. 5H). 7.90-8.10 (m, 1H). 

8.50-9.00 (m, 1H). 
MS (FD): m/e 285 (M+, 100). 

20 E. [3S-pft^4a^6a^2'S,3'R*J]^ 

thyl)aza-3" t -pyrid-3""-ylpropyll-6 w -methyl)phenyl]pentyl decahydroisoquinoline-3-N-f-butytcarboxamide 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1 D, using 177 mg (0.44 mmol) of the subtitled compound of Preparation 2B, 143 mg (0.45 mmol) of the subtitled 
25 compound of Example 11 D, 59 mg (0.44 mmol) of HOBT H 2 0 and 91 mg (0.44 mmol) of DCC in 5 mL of tet- 
rahydrofuran. The resultant crude matrial was purified using radial chromatography (2mm; gradient etuent of 
2-5% methanol in methylene chloride) to provide 119 mg of a white foam. 
Yield: 40%. 

'H NMR (CDCI 3 ): 8 1.14 (s, 9H), 1.20-2.35 (m, 18H). 2.48-3.10 (m. 6H) f 3.35-3.55 (m, 1H), 3.95-4.18 (m, 
30 2H), 4.55 (m, 3H), 5.72 (br.s, 1 H), 6.70-6.85 (m, 1 H), 7.04-7.38 (m, 10.5H), 7.65-7.82 (m, 

0.5H), 8.55-8.65 (m, 1H). 

IR (CHCI3): 3691, 3600-3100 (br.) f 3429, 3008, 2929, 1670, 1634, 1512, 1481, 1455, 1394, 1368, 1246, 
1075, 1046, 910 cm-1. 



MS (FD): m/e 668 (M*), 567 (100). 



35 


Analysis for O^H^NgC^: 




Calcd: 


C, 71.93; 


H, 8.00; 


N, 10.49. 




Found: 


C, 71.63; 


H,7.85; 


N, 10.34. 



40 



Example 12 

A. 4-[(N-(f-butoxycarbonyl)amino)methyl1pyridine 

To a solution of 10.0 g (92 mmol) of 4-aminomethyl pyridine in 550 mL of methylene chloride, was added 
21 g (97 mmol) of f-butoxycarbonyt anhydride. The resultant reaction mixture was reacted for approximately 
thirty minutes. When the reaction mixture was substantially complete, as indicated by TLC, the reaction mix- 
ture was washed sequentially with saturated sodium bicarbonate, and brine, dried over sodium sulfate, filtered 
and then concentrated to provide a crude material. This material was purified using flash chromatography (gra- 
dient etuent of 50-100% ethyl acetate in methylene chloride) to provide 15.23 g of a light yellow solid. 
Yield: 80% 

'H NMR (CDCW : 6 1.46 (s, 9H), 4.33 (d, J=5.91 Hz, 2H), 4.98 (br.s, 1H), 7.18-7.26 (m, 2H), 8.54-8.56 

(m, 2H). 

IR (CHCI3): 3458, 2982, 1715, 1605, 1565, 1507, 1455, 1418, 1396, 1369, 1348, 1275, 1248, 1166, 1069, 

1050, 996, 862 cm-i. 
MS (FD): m/e 209 (M\ 100). 
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Analysis for C 1 iH ie N 2 0 2 : 




Catcd: 


C, 63.44; 


H. 7.74; 


N, 13.45; 


5 


Found: 


C, 63.44; 


H t 7.71; 


N, 13.49. 



B. 4-((N-(Methyl)-N*(f-butoxycarponyl)amino)methyl)pyridine 

w To a cold (0°C) solution of 8.0 g (38 mmol)of the subtitled compound of Example 1 2A in 50 mL of anhydrous 

dimethyiformamide, was added 1.00 g (41.8 mmot) of sodium hydride. The resultant reaction mixture was stir- 
red for approximately thirty minutes and then 5.72 g (40.3 mmol) of methyl iodide was slowly added. The re- 
action mixture was poured into a methylene chloride/water mixture and then refrigerated. The resulting layers 
were separated and the organic layer was washed four times with 1N sodium hydroxide, dried over sodium 

15 sulfate, filtered and then reduced to dryness under reduced pressure (with heat) to provide 7.54 g of a dark 
orange oil. 
Yield: 88%. 

1 H NMR (CDCI 3 ): 6 1.30-1.70 (m, 9H) ( 2.75-3.00 (m. 3H), 4.42 (br.s, 2H). 7.12 (d. J=4.73 Hz, 2H) f 8.55 (d, 
J=5.54 Hz, 2H). 

20 

C. 4-((N-(Methyl)amino)methyl)pyridine dihydrochloride 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
9C t using 1.15 g (5.17 mmol) of the subtitled compound of Example 12B and 15 mL of 5N hydrochloric acid 
25 in 15 mL of dioxane to provide a crude material. This material was used without further purification. 

'H NMR (DMSO-d 6 ) : 6 2.58 (s, 3H), 4.40 (s, 2H). 8.15-8.25 (m, 1H), 8.90-9.90 (m, 1H). 10.22 (br.s. 2H). 
IR (KBr): 3800-1800 (br.) f 1638, 1599, 1503, 1428, 1233, 1193, 1145. 1067, 1002, 887, 809, 766, 593, 478 
cnrr 1 . 

30 D. 4-[(2'-N-(Methyl)aza-3 , -oxo-3 , -[3 w -methoxycartx)nyl-4"-methyQphenyl)propyl]pyridine 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
9D. using the subtitled compound of Example 12C (5.17 mmol), 1.12 g (3.23 mmol) of the titled compound of 
Preparation 7, and 2 mL of triethyiamine in 20 mL of anhydrous methylene chloride. The resultant material was 
35 purified using radial chromatography (6mm; gradient eluent of 2-4% methanol in methylene chloride) to provide 
617 mg of the desired compound. 
Yield: 64%. 

1 H NMR (CDCI3): S 2.62 (s, 3H). 2.80-3.20 (m, 3H), 3.70-4.00 (m. 3H). 4.40-4.85 (m, 2H). 7.00-7.60 (m. 4H), 
8.03 (s, 1H), 8.55-8.70 (m, 2H). 
40 IR (CHCI3) : 3009,2955, 1724, 1634, 1604, 1565, 1503, 1483, 1449, 1437, 1404, 1363, 1305, 1261, 1089, 

1077, 1069 cnrr 1 . 
MS(FD); m/e298(M + , 100). 





Analysts for C 17 H ie N 2 03: 


45 


Calcd: 


C, 68.44; 


H, 6.08; 


N, 9.39; 




Found: 


C, 68.65; 


H, 6.20; 


N, 9.41. 



E. 4-[(2 , -N-(Methyl)aza-3'-oxo-3'-r3"-carboxy-4' , -methyllphenyl)propyllpyridine hydrochloride 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed In 
Example 11D, using 124 mg (0.42 mmol) of the subtitled compound of Example 12D and 30 mg (1.25 mmol) 
of lithium hydroxide in 10 mL of a 3:1 mixture of tetrahydrof uran and water to provide 120 mg of a white foam 
which was used without further purification. 

iH NMR (DMSO-d«): S 2.54 (s, 3H), 2.98 (s, 3H), 4.65-4.95 (m, 2H), 7.20-8.00 (m, 5H), 8.76-8.90 (m, 2H). 
IR(CHCI 3 ): 3400-3200 (br.), 1711, 1636, 1506, 1484, 1452, 1401, 1203, 1087, 1005, 925, 792, 744 
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cm- 1 . 

MS(FD): m/e285(M + , 100). 

F, [3S-r3R^4a^Saft^2^rR^2-(2'-Hy^ 
5 thyl)a2a-3 , "-pyrid-4""-ylpropyi)-6"-methyl)phenyl}pentyi decahydroisoquinoline-3-N-fcbutylcarboxamide 

The subtitled compound was prepared substantially In accordance with the procedure detailed in Example 
1D, using 109 mg (0.272 mmot) of the subtitled compound of Preparation 2B, 92 mg (0.287 mmot) of the sub- 
titled compound of Example 12E, 37 mg (0.272 mmol) of HOBT H 2 0 and 56 mg (0.272 mmot) of DCC in 3 mL 
10 of tetrahydrof uran. The resultant crude matrial was purified using radial chromatography (2mm; gradient eluent 
of 2-6% methanol in methylene chloride) to provide 40 mg of the desired compound. 
Yield: 22%. 

1 H NMR (CDCI 3 ): 6 1.14 (s, 9H), 1.20-2.35 (m, 18H), 2.45-2.70 (m, 2H). 2.80-3.10 (m. 5H), 3.25-3.55 (m, 
1 H), 3.95-4.10 <m, 2H). 4.38-4.78 (m, 3H), 5.79 (br.s, 1 H), 6.75-7.40 (m, 10H), 8.60 (br.s, 
15 2H). 

IR (CHCI3) : 3600-3100, 3008, 2929, 2865, 1728, 1669, 1635, 1604, 1513, 1482, 1455, 1447, 1393, 1367, 

1275,1117,1076, 910 cnr 1 . 
MS(FD): m/e 668 (M*. 100). 



20 


Analysis for C40H53N5O4: 




Calcd: 


C. 71.93; 


H, 8.00; 


N, 10.49. 




Found: 


C, 72.10; 


H.8.11; 


N, 10.37. 



25 



Example 13 

A. 2-[(3'-hHMethyPaza-4'-oxo^'-P"-meth^ 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
9D, using 803 mg (3.84 mmol) of 2-[2-(N- (methyl )a mi no)ethy I) pyridine dihydrochloride, 500 mg (1.44 mmol) 
of the titled compound of Preparation 7, and 2 mLof triethytamine in 10 mL of methylene chloride. The resultant 
material was purified using radial chromatography (4mm; gradient eluent of 50-100% ethyl acetate in methy- 
lene chloride) to provide 497 mg of the desired compound. 
Yield: 64%. 

1 H NMR (CDCI3): 5 2.62 (s, 3H), 2.84-3.25 (m, 5H), 3.62-4.00 (m, 5H), 6.95-7.98 (m, 6H), 8.38-8.62 (m, 1H). 
IR (CHCI3) : 2954, 1723, 1626, 1594, 1571. 1504, 1478, 1436, 1405, 1302, 1259, 1153, 1100, 1088, 1052, 
995, 919, 834 cnr'. 



MS (FD) : m/e 312 (M + , 100). 





Analysis for C 18 H2oN20 3 : 




Calcd: 


C, 69.21; 


H, 6.45; 


N, 8.97; 


45 


Found: 


C, 68.97; 


H, 6.34; 


N, 8.95. 



B. 2-[(3 , -N-(Methyl)aza-4'-oxo-4-[3 w -cart)oxy-4 ,, -methyl]phenyl)butyl]pyridine hydrochloride 

so The desired subtitled compound was prepared substantially in accordance with the procedure detailed in 
Example 11D, using 153 mg (0.49 mmol) of the subtitled compound of Example 13A and 36 mg (1.47 mmol) 
of lithium hydroxide in 1 0 mL of a 3:1 mature of tetrahydrof uran and water to provide 1 34 mg of a hydroscopic 
white foam which was used without further purification. 

1 H NMR (DMSO-d fl ) : 6 2.40-2.55 (s, 3H), 2.85-3.90 (m, 8H), 7.20-8.85 (m, 7H). 
55 IR (CHCI 3 ): 3800-1800 (br.). 1715, 1631, 1540, 1506. 1474, 1451, 1406, 1242, 1166, 1085. 1044, 1001, 

841 cnr 1 . 
MS (FD): m/e 299 (M+, 100). 



45 



EP 0 609 625 A1 



C. [3S-P^4a^Sa^2'S^37r^2-(2'-Hydroxy-3'-ph^ 

thyl)aza-4" , -pyrid-2 WM -ylpropyl]-6' , -methyl)phenyl]pentyl decahydroisoquinoline-3-N-lbutylrarboxamide~ 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
5 1D. using 69 mg (0.17 mmol) of the subtitled compound of Preparation 2B, 60 mg (0.18 mmol) of the subtitled 
compound of Example 13B, 23 mg (0.17 mmol) of HOBTH 2 0 and 35 mg (0.17 mmol) of DCC in 3 mL of an- 
hydrous tetrahydrofuran to provide 60 mg of the desired compound. 
Yield: 53%. 

'H NMR (CDCI 3 ): S 0.8-3.55 (m, 38H), 3.70-4.10 (m, 2H), 4.35-4.65 (m, 1H), 5.78-5.98 (m, 1H), 6.70-7.40 
10 (m, 10H), 7.42-7.70 (m, 1H) ( 8.28 (s, 0.5H), 8.55 <s f 0.5H). 

IR (CHCI3) : 3691, 3600-3100, 3028, 3005, 2929, 1670, 1627, 1512, 1455, 1395, 1368, 1243, 1049, 910 
cnr 1 . 



MS (FD): m/e 682 (M\ 100). 



15 


Analysis for C^HaNsO*: 




Calcd: 


C. 72.22; 


H. 8.13; 


N. 10.27. 




Found: 


C ( 72.00; 


H, 8.15; 


N, 10.18. 



20 



Example 14 

A. 2-[(2 , -N-(Methyl)aza-3'-oxo-3 , -[3"-methoxyca^ 

25 The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
11C, using 204 mg (1.66 mmol) of 2-[2-(N-(methyl)ajnino)methyl)pyrazine dihydrochloride, and 300 mg (0.83 
mmol) of the titled compound of Preparation 7 in 10 mL of methylene chloride. The resultant material was puri- 
fied using radial chromatography (4mm; gradient eluent of 1 0-30% acetone in methylene chloride) followed by 
radial chromatography (2mm; gradient eluent of 10-30% acetone in methylene chloride) to provide 212 mg of 

30 a light orange oil. 
Yield: 85%. 

m NMR (CDCI3) : 6 2.61 (s, 3H), 3.07 (s, 3H). 3.88 (s. 3H) ( 4.55-4.95 (m. 2H), 7.20-7.38 (m, 1H), 7.40- 

7.60 (m, 1H), 8.04 (s, 1H), 8.35-8.80 (m, 1H). 
IR (CHCI3): 3022, 3007, 2954, 1724, 1634, 1503, 1483, 1449, 1437, 1402, 1303, 1261, 1238, 1152, 1089, 
35 1077,1057,1020cnr 1 . 
MS (FD): m/e299(lvr, 100). 

B. 2-[(2'-N-(Methyl)a2a-3'-oxo-3 , -[3 , '-carboxy-4"-methyl]phenyi)propyl]pyra2ine 

40 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed in 
Example 11 D, using 150 mg (0.50 mmol) of the subtitled compound of Example 14Aand 36 mg (1.50 mmol) 
of lithium hydroxide in 8 mL of a 3:1 mixture of tetrahydrofuran and water to provide 121 mg of an off-white 
foam. 

Yield: 85%. 

45 m NMR (CDCI3) : 6 2.65 (s, 3H), 3.11 (s, 3H), 4.55-4.98 (m f 2H). 7.20-7.38 (m, 1H), 7.50-7.62 (m, 1H), 

8.18 (s, 1H), 8.40-8.85 (m, 3H). 
IR (CHCI3): 3700-2400 (br.), 1700, 1634, 1530, 1504, 1483, 1450, 1402, 1304, 1176. 1152. 1086, 1020, 
923 867, 837 cnr'. 

m MS (FD) : m/e 286 (M\ 100). 

so 

C. [3S-p/^4a^8aR^2^37?^2-(2'-Hy^ 

thyl)aza-3 w -pyrazin-2 m '-ylpropyl]-6"-methyl)phenyl]pentyl decahydroisoquinoline-3-N-f-butylcarboxamide 

55 The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 

1D, using 75.1 mg (0.187 mmol) of the subtitled compound of Preparation 2B, 59.3 mg (0.208 mmol) of the 
subtitled compound of Example 14B, 25.3 mg (0.187 mmol) of HOBTH 2 0 and 38.6 mg (0.187 mmol) of DCC 
in 2 mL of anhydrous tetrahydrofuran to provide 89 mg of a white foam. 
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Yield: 71%. 

*H NMR (CDCI 3 ): 61.13 (s, 9H), 1.15-2.30 (s, 19H), 2.47-2.70 (m, 2H), 2.90-3.08 (m, 5H), 3.30-3.50 (m f 1 H). 

3.95-4.05 (m, 1H). 4.50-4.65 (m. 2H) t 4.83 (br.s, 1H), 5.77 (m. 1H), 6.70-6.90 (m, 1H), 
7.02-7.38 (m, 8H), 8.48-8.58 (m, 2.5H), 8.71 (s, 0.5H). 
5 IR (CHCI3): 3690, 3618. 3600-3200 (br.), 3025, 3009, 2977, 2929, 1670, 1636. 1513, 1455. 1395, 1368, 

1077,1047. 1020, 879 cnr 1 . 
MS(FD): m/e669(MM00). 

Example 15 

10 

A. 2-[2-(N-(f-butoxycarbonyl)azopropyl)naphthaJene 

To a solution of 2.0 g (15.25 mmol) of the subtitled compound of Example 9A in 40 ml_ of anhydrous di- 
methyiformamide, was added 622 mg (1 5.30 mmol) of 60% sodium hydride. After approximately one hour, 3.38 

15 g (15.30 mmol) of 2-(brornomethyt)naphthalene was added and the resulting reaction mixture was reacted for 
5 hours and then poured into a mixture of methylene chloride and water. The resultant layers were separated 
and the organic phase was washed twice with water, once with saturated sodium carbonate, once with brine, 
and then dried over sodium sulfate and filtered. The resultant crude material was purified using radial chro- 
matography (6mm; gradient eleunt of 0-5% ethyl acetate in hexane) to provide 2.25 g of a clear oil. 

20 Yield: 54%. 

iH NMR (CDCI3): 6 1.50 (s, 9H), 2.75-2.95 (m, 3H), 4.58 (s, 2H), 7.30-7.90 (m, 7H). 
IR (CHCI3) : 3010, 2980, 2932, 1686, 1510, 1482, 1455, 1425, 1394, 1368, 1244, 1147, 1049, 875, 818 
cnr 1 . 

MS(FD): m/e271 (W, 100). 



Analysis for C 17 H 2 iN02: 


Calcd: 
Found: 


C, 75.25; 
C, 75.42; 


H, 7.80; 
H, 7.98; 


N, 5.16. 
N, 5.08. 



B. 2-(2-Azopropyl)naphthalene 

A solution of 505 mg (1 .86 mmol) of the subtitled compound of Example 15A in 10 mL of a 10% solution 
of trif iuoroacetic acid in methylene chloride was reacted for approximately one hour. The resulting reaction 
mixture was then concentrated to provide a residue. This residue was redissotved in methylene chloride, wash- 
ed with saturated sodium carbonate, dried over sodium sulfate, filtered, and then concentrated to provide 300 
mg of a yellow oil which was used without further purification. 
Yield: 94%. 

40 'H NMR (CDCI3): 6 2.49 (s, 3H), 3.91 (s, 2H), 7.38-7.55 (m, 3H), 7.70-7.90 (m, 4H) . 

IR (CHCI3) : 3059, 3011 , 2974. 2941, 2852, 2798, 1681 , 1602, 1509, 1475, 1440, 1272, 1126, 1095, 909. 

894, 857,819cm-i. 
MS(FD): m/e 171 (NT 100) . 

45 

C. 2-[(2 , -N-(Methyl)aza-3'-oxo-3'-[3"-methoxycabonyl-4 , '-methyl]phenyl)propyl]naphthalene 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
11C, using 71 mg (0.42 mmol) of the subtitled compound of Example 15B, and 100 mg (0.28 mmmol) of the 
^ titled compound of Preparation 7 in 5 mL of anhydrous methylene chloride. The resultant crude material was 
purified using radial chromatography (1mm; gradient eluent of 10-35% ethyl acetate in hexane) to provide 79 
mg of an oil. 
Yield: 81%. 

'H NMR (CDCI3): S 2.61 (s, 3H), 2.75-3.25 (m, 3H), 3.60-4.00 (m, 3H), 4.55-5.00 (m, 2H), 7.08-8.18 (m, 

55 10H) ' 

IR (CHCI3) : 3029, 3011, 2954, 2930, 1724, 1628, 1503, 1483, 1437, 1404, 1305, 1272, 1247, 1166, 1151, 

1089,1076, 817 cnr 1 . 
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Analysis for C22H21NO3: 




Calcd: 


C, 76.06; 


H, 6.09; 


N, 4.03; 


5 


Found: 


C, 76.31; 


H. 6.37; 


N, 3.77. 



D. 2-[(2 , -N-(Methyl)azaQ^oxo-3 , -[3"^rt)oxy^"^ethyllphenyi)propyl]naphthalene 

10 The subtitled compound was prepared using the procedure detailed in Example 1C, using 51 mg (0.15 

mmol) of the subtitled compound of Example 15C and 8 mg (0.30 mmol) of lithium hydroxide in 5 ml_ of a 3:1 
mixture of tetrahydrof uran and water to provide 48 mg of an off-white solid which was used without further 
purification. Yield: 96%. 

'H NMR (DMSO-d a ): 6 2.38-2.60 (m, 3H) f 2.76-3.00 (m, 3H), 4.50-4.90 (m, 2H), 7.18-8.00 (m, 10H). 
is MS (FD): m/e 347 (M\ 1 00). 

E. [3S-f3^4a^8a^2'S\37^2-(2'Hydro^ 

thyl)aza-3 m -naphth-2" M -ylpropyl}-6"-methyl)phenyi]pentyl decahydroisoquinoline-3-N-f-butylcarfaoxamide 

20 The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1 D, using 46 mg (0.11 mmol) of the subtitled compound of Preparation 2B, 38 mg (0.11 mmol) of the subtitled 
compound of Example 15D, 15 mg (0.11 mmol) of HOBT H 2 0 and 23 mg (0.11 mmol) of DCC in 2 mL of an- 
hydrous tetrahydrof uran and 0.2 mL of anhydrous dimethylformamide. The resultant crude matrial was purified 
using radial chromatography (2mm; gradient eiuent of 0-5% methanol in methylene chloride) to provide 54 mg 

25 of a white foam. 
Yield: 68%. 

[a] 0 -65.35 (c = 1.01, MeOH). 

m NMR (CDCI3): S 1.13 (s, 9H), 1.15-2.35 (m, 15H), 2.45-3.10 (m f 6H), 3.20-3.55 (m, 1H). 3.82-4.10 (m, 
2H), 4.50-4.65 (m, 2H), 4.88 (br.s. 1H), 5.69 (br.s. 1H). 6.50-6.83 (m, 1H) f 6.95-7.90 (m, 
30 15H). 

IR (CHCI3): 3622, 3600-3100 (br.) t 3024, 3008, 2976, 2929, 1670, 1630, 1512, 1455, 1394, 1368, 1246, 

1200, 1076, 1047, 910, 819 cm- 1 . 
MS (FD): m/e 718 (M + +1), 616 (100). 



35 


Analysis for C^HseN^O*: 




Calcd: 


C, 75.39; 


H, 7.87; 


N, 7.81; 




Found: 


C, 75.32; 


H, 7.88; 


N, 8.04. 



40 

Example 16 



A. 1-[(2 , -N-(Methyl)aza-3'-oxo-3'-[3 M -methoxycarbonyl-4"-methyl]phenyl)propyl]naphthalene 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
9D, using 57 mg (0.56 mmol) of triethylamine, 87 mg (0.42 mmol) of N-methyM -naphthalene methylamine hy- 
drochloride, and 1 00 mg (0.28 mmol) of the titled compound of Preparation 7 in 5 mL of anhydrous methylene 
chloride. The resultant crude material was purified using radial chromatography (2mm; gradient eiuent of 30- 
50% ethyl acetate in hexane) to provide 97 mg of a light yellow oil. 
Yield: 100%. 

1 H NMR (CDCI3): 6 2.56 (br.s, 3H), 2.70-3.30 (m, 3H), 3.60-4.00 (m, 3H), 4.85-5.40 (m. 2H), 7.10-8.30 (m. 
10H). 

IR(CHCI 3 ): 3029, 3010, 1723, 1623, 1511, 1483, 1436, 1405, 1304, 1252, 1222, 1212, 1210, 1192, 1090, 

1076, 804crrr*. 
MS (FD): m/e 347 (NT, 100). 
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Analysis for C22H21NO3: 




Calcd: 


C, 76.06; 


H. 6.09; 


N, 4.03; 


5 


Found: 


C, 76.33; 


H. 6.28; 


N. 4.14. 



B. 1-[(2'-N-(Methyl)aza-3'-oxo-3 -P"-carboxy-4"-methyl] phenyl )propyl]naphthalene 

10 The subtitled compound was prepared using the procedure detailed in Example 1C, using B9 mg (0.26 

mmol) of the subtitled compound of Example 1 6A and 13 mg (0.52 mmol) of lithium hydroxide in 8 mL of a 3:1 
mixture of tetrahydrofuran and water, to provide 86 mg of a white foam which was used without further puri- 
fication. 
Yield: 100%. 

15 1 H NMR (CDCI3) : 5 2.64 (s. 3H). 2.70-3.25 (m. 3H), 4.80-5.30 (m, 2H). 7.05-8.35 (m, 10H), 8.70 (br.s, 

1H). 

IR (CHCI3) : 3700-2300 1700, 1623, 1504. 1489. 1450. 1404, 1263, 1199, 1078, 1045. 878 crrr'. 
MS (FD): m/e 333 (M + , 100) . 



20 


Analysis for C2iH 1Q N0 3 : 




Calcd: 


C. 75.66; 


H. 5.74; 


N, 4.20; 




Found: 


C, 75.91; 


H, 5.96; 


N, 4.22. 



25 

thyl)aza-3'"-naphth-1""-ylpropyl)-6""methyl)phenyl]pentyl decahydroisoquinoline-3-N-f-butylcarboxamide 

The titled compound was prepared substantially in accordance with the procedure detailed in Example 
30 1 D, using 80 mg (0.20 mmol) of the subtitled compound of Preparation 2B, 66 mg (0.20 mmol) of the subtitled 
compound of Example 16B, 27 mg (0.20 mmol) of HOBT H 2 0 and 42 mg (0.20 mmol) of DCC in 5 mLof an- 
hydrous tetrahydrofuran and 0.5 mL of anhydrous dimethytformamide. The resultant crude material was puri- 
fied using radial chromatography (2mm; gradient eluent of 0-4% methanol in methylene chloride) to provide 
86 mg of a white foam. 
35 Yield: 86%. 

*H NMR(CDCI 3 ): 61.13 (s, 9H). 1 .1 0-4.60 (m, 28H), 4.80-5.40 (m, 2H), 5.65 (m, 1 H), 6.60-7.60 (m, 1 3H), 

7.75-7.95 (m, 2H), 8.10-8.25 (m, 1H). 
IR (CHCI3) : 3600-3100 (br.), 3028, 3009, 2929, 1670, 1631, 1512, 1455, 1394, 1368, 1259. 1199, 1075, 
1047. 910, 837 cirri. 
40 MS (FD): m/e 718 (M + +1), 616(100). 





Analysis for C^HhN^O* 




Calcd: 


C, 75.39; 


H. 7.87; 


N, 7.81; 


45 












Found: 


C, 75.59; 


H, 7.79; 


N, 7.63. 



Example 17 

50 

A. [g'-N^MethyPaza-y-oxo-S'-fl^-methox^ 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
9D, using N-methyi-N-benzyiamine, and the titled compound of Preparation 7 in anhydrous methylene chlor- 
55 ide. 

1 H NMR (CDCI3): 6 2.59 (s, 3H), 2.75-3.15 (m, 3H), 3.70-3.95 (m. 3H). 4.40-4.80 (m, 2H), 7.00-7.55 (m, 7H). 
8.02 (s.1H). 

IR (CHCI3): 3030, 3010. 1723, 1628, 1497, 1454. 1437. 1404, 1359, 1303, 1242, 1195, 1165. 1089, 836 
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crrr 1 . 

MS(FD): m/e297(M + , 100). 





Analysis for C^H^NOa: 


5 


Calcd: 


C, 72.71; 


H, 6.44; 


N, 4.71; 




Found: 


C, 72.72; 


H, 6.49; 


N, 4.88. 



B. [(2 f -N-(Methyl)aza-3 , -oxo-3'-(3 w -carboxy-4 ,, -methytphenyl)propynbenzene 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 

IC, using 110 mg (0.37 mmol) of the subtitled compound of Example 17 A, and 18 mg (0.74 mmol) of lithium 
hydroxide in 10 mL of a 3:1 mixture of tetrahydrofuran and water with the exception that when the reaction 
was substantially complete, the reaction mixture was partitioned between 10 mLof 1N hydrochloric acid and 
1 0 mL of ethyl acetate. The resultant layers were separated and the aqueous phase was extracted with 1 0 mL 
of ethyl acetate. The ethyl acetate extracts were then washed with brine, dried over sodium sulfate and filtered. 
The resultant crude material was purified using radial chromatography (4mm; gradient eluent of 10-50% me- 
thanol in methylene chloride) to provide 87 mg of a white solid. 

Yield: 83%. 

1H NMR (CD 3 OD): 5 2.51 (s, 3H), 2.75-3.10 (m, 3H), 4.40-4.85 (m, 2H). 6.90-7.90 (m, 8H). 

IR (CHCI3): 3800-2300 (br.), 1616, 1573, 1497, 1454, 1402, 1379, 1261, 1101, 1077, 833 crrr\ 

MS (FD): m/e 283 (M + , 100). 

C. [3S-(3R^aR^aR^2^3'R^ (me- 
thyl)aza-3"'-phenylpropyl]-6"-methyl)phenyl]pentyl decahydroisoquinoline-3-N-/-butylcarboxamide 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 

I D, using 99 mg (0.25 mmol) of the subtitled compound of Preparation 2B, 70 mg (0.25 mmol) of the subtitled 
compound of Example 17B, 33 mg (0.25 mmol) of HOBTHjO, and 51 mg (0.25 mmol) of DCC in 3 mL of an- 
hydrous tetrahydrofuran and 1 mLof anhydrous dimethylformamide. The resultant crude material was purified 
using radial chromatography (4mm; eluent of 2% methanol in methylene chloride) to provide 108 mg of a white 
foam. 

Yield: 66%. 

'H NMR (CDCI3): 5 1.17 (s, 9H), 1.20-3.10 (m, 26H), 3.25-3.55 (m, 1 H), 3.90-4.17 (m, 2H), 4.35-4.80 (m, 

2H), 5.71 (br.s, 1H), 6.55-6.80 (m, 1H), 7.00-7.42 (m, 11 H), 8.00 (s, 1H). 
IR (CHCI 3 ): 3600-3100 (br.), 3011, 2931, 2861, 1672, 1631, 1515, 1455, 1391. 1368, 1250, 1079, 1047, 
910 crrr 1 . 



MS (FD) : m/e 668 (M*, 100). 





Analysis for C^H^N^: 




Calcd: 


C, 73.84; 


H, 8.16; 


N, 8.40; 


45 


Found: 


C. 73.81; 


H, 8.39; 


N, 8.35. 



Example 18 

so A. [(2 , -A2a-3 , -oxo-3 , -(3 ,, -methoxycarbonyl-4 w -methylphenyl)propyl]benzene 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
11C, using 150 mg (0.416 mmol) of the titled compound of Preparation 7, and 67 mg (0.62 mmol) of benzyla- 
mine in 5 mL of methylene chloride. The resultant material was purified using radial chromatography (1mm; 
55 eluent of 50% hexane in ethyl acetate) to provide 99 mg of the subtitled compound. 
Yield: 84%. 

IR (CHCI3) : 3452, 3031, 3012. 2954.2954, 1724, 1660, 1612, 1522, 1491, 1454, 1437, 1400, 1309. 1249, 
1191, 1152. 1083, 1029 crrr 1 . 
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MS(FD): m/e283(M + f 100). 

B. [(2'-A2a-3 , -oxo*3 , -(3"-cart)Oxy-4"-methylphenyl)propyl]benzene 

5 The subtitled compound was prepared using the procedure detailed in Example 1C t using 66 mg (0.23 

mmol) of the subtitled compound of Example 18Aand 17 mg (0.70 mmol) of lithium hydroxide in 5 mLof a 3:1 
mixture of tetrahydrof uran and water, to provide 64 mg of a white solid which was used without further purifi- 
cation. 
Yield: 100%. 

10 1H NMR (CDCI 3 ): 62.60 (s, 3H) t 4.50-4.60 (m, 2H), 7.15-7.40 (m, 6H), 7.80-7.90 (m, 1H) ( 8.39 (s, 1H) t 8.98- 

9.10 (m, 1H). 

IR (CHCI3): 4000-2000 (br.) t 3296, 3070, 3031, 2977, 2930, 1700, 1636, 1610, 1570, 1545. 1497, 1416. 

1310, 1264, 917, 698, 671 crrr 1 . 
MS(FD): m/e269(M + , 100). 



Analysis for C ie H 16 N0 3 : 


Calcd: 
Found: 


C, 71.36; 
C. 71.42; 


H, 5.61; 
H, 5.99; 


N, 5.20; 
N, 5.12. 



C. [3S-fl/^4aR^8aR^2'S^3'ft*J]-2-(2-^^ 

phenylpropyl]-6"-methy1)phenyl]pentyt decahydroisoquinoline-3-N-f-butyicarboxamide 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1D, using 72 mg (0.18 mmol) of the subtitled compound of Preparation 2B, 49 mg (0.18 mmol) of the subtitled 
compound of Example 18B, 24 mg (0.18 mmol) of HOBT.H 2 0, and 37 mg (0.18 mmol) of DCC in 3 ml_ of an- 
hydrous tetrahydrof uran. The resultant crude material was purified using radial chromatography (1mm; gra- 
dient eluent of 0-5% methanol in methylene chloride) to provide 72 mg of a white powder. 
'H NMR (CDCI 3 ): 8 1.06 (s, 9H), 1.15-2.70 (m. 21H), 2.85-3.05 (m, 2H), 3.48-3.55 (m, 1H), 3.75-4.00 (m, 

2H), 4.50-4.70 (m, 3H), 5.68 (s, 1H), 6.75-7.42 (m. 12H). 7.76 (m, 1H). 
IR (CHCI3): 3429, 3600-3100 (br.) t 3009, 2929, 2865. 1657, 1606, 1517, 1497, 1455, 1394, 1368, 1307, 
1277,1145, 1046,910crrr 1 . 



35 


Analysis for C40H52N4O4: 




Calcd: 


C, 73.59; 


H, 8.03; 


N, 8.58; 




Found: 


C, 73.31; 


H, 7.92; 


N, 8.43. 



40 



Example 19 

A. 1-(N-(Methyl)-N-(/-butoxycart)onyl)amino)methyl-4-fluoro benzene 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
15 A, using 3.0 (22.9 mmol) of the subtitled compound of Example 9A, 3.97 g (27.4 mmol) of 4-fluoro benzyl- 
chloride, 604 mg (25.2 mmol) of sodium hydride, 8.2 mg (25.2 mmol) of sodium iodide in 6.0 mL of anhydrous 
dimethylformamide. The resultant crude material was purified using flash chromatography (gradient eluent of 
so 5-10% ethyl acetate in hexane) to provide 3.74 g of a clear oil. 
Yield: 68%. 

1 H NMR (CDCI3): 8 1 .47 (s, 9H), 2.80 (br.s, 2H), 4.38 (s, 2H), 6.90-7.25 (m, 4H). 

IR (CHCI3): 3010, 2981, 2932, 1686, 1607, 1510, 1481, 1455, 1428. 1394, 1368, 1314, 1300, 1294, 1173, 
1147, 878, 822 cnr'. 
55 MS(FD): m/e239(M*),469(100). 
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Analysis for C l3 H 18 N0 2 F: 




Calcd: 


C. 65.25; 


H, 7.58; 


N, 5.85; 


F, 7.94; 


5 


Found: 


C, 65.10; 


H, 7.48; 


N, 5.81; 


F.7.81. 



B. 1-(N-(Methyl)amino)methy1-4-fluoro benzene hydrochloride 

10 The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
9C, using 2.0 g (8.36 mmol) of the subtitled compound of Example 19A, 10 mL of 5N hydrochloric acid in 10 
mL of dioxane to provide 1.38 g of a white solid. 
Yield: 95%. 

MS (FD) m/e 139 (M + +1, 100). 
is IR (CHCl 3 ) : 2989, 2934. 2857, 2776, 2711, 2432, 1603, 1516, 1477, 1440, 1422, 1236, 1167, 838. 825, 

772, 548. 501 crrr 1 . 

C. 1-[(2'-N(M9thy1)aza-3'-oxo-3'-(3"-methox^^ 

20 The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
9D, using 520 mg (1.44 mmol) of thetitled compound of Preparation 7, and 351 mg (2.17 mmol) of the subtitled 
compound of Example 19B. and 0.5 mLof triethytamine in 5 mL of methylene chloride. The resultant material 
was purified using flash chromatography (gradient eluent of 20-30% ethyl acetate in hexane) to provide 376 
mg of the desired compound. 

25 Yield: 83%. 

'H NMR (CD CI 3 ) : 6 2.61 (s, 3H), 2.80-3.10 (m, 3H), 3.87 (br.s, 3H), 4.40-4.80 (m. 2H), 7.00-7.55 (m, 6H), 

8.02 (s. 1H). 

IR (CHCI3) : 3029, 3009, 2954. 2931, 1724, 1629. 1511, 1484, 1437. 1404, 1355. 1305. 1157. 1089. 1076, 
970, 834, 824 crrr 1 . 
50 MS (FD): m/e 315 (M + , 100). 





Analysis for C 1fl H ie N0 3 F: 




Calcd: 


C, 68.56; 


H, 5.75; 


N, 4.44; 


F, 6.02; 


35 


Found: 


C, 68.36; 


H. 5.89; 


N.4.61; 


F, 6.10. 



D. 1-[(2*N(Methyl)aza-3'-oxo-3 , -(3"-carboxy^ w -methylphenyl)propylH-fiuorobenzene 

40 

The subtitled compound was prepared using the procedure detailed in Example 1C, using 269 mg (0.85 
mmol) of the subtitled compound of Example 19C and 102 mg (4.03 mmol) of lithium hydroxide in 10 mL of a 
3:1 mixture of tetrahydrofuran and water, to provide 254 mg of a clear amorphous solid. 
Yield: 99%. 

1H NMR (CDCI3) : 5 2.68 (s. 3H), 2.80-3.10 (m, 3H). 4.40-4.80 (m, 2H), 7.00-7.60 (m, 6H), 8.17 (s, 1H). 
45 IR (CHCI 3 ): 3700-2300 (br.), 1699, 1628, 1609, 1511. 1484, 1450, 1403, 1355, 1302, 1158, 1097, 1076, 

924,851,823 crrr 1 . 
MS (FD): m/e 301 (M 4 ), 603 (100). 

E. f3S-Pft^4a^8a^2'S^37^2^ 

50 thyl)a2a-3" , -(4 w '-fluorophenyl)propyl}-6"-methy1)pheny1]pentyl decahydroisoquinoline-3-N-f-butylcarboxa- 
mlde 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
ss 1 D, using 76 mg (0.19 mmol) of the subtitled compound of Preparation 2B, 57 mg (0.19 mmol) of the subtitled 
compound of Example 18B, 26 mg (0.19 mmol) of HOBT H 2 0, and 39 mg (0.19 mmol) of DCC in anhydrous 
tetrahydrofuran and anhydrous dimethytformamide. The resultant crude material was purified using flash chro- 
matography (gradient eluent of 1-4% methanol in methylene chloride) to provide 96 mg of the desired com- 
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pound. 
Yield: 74%. 

1 H NMR (CDCI 3 ): 8 1.14 (s, 9H), 1.20-2.36 (m, 19H). 2.50-3.10 (m, 6H), 3.35-3.60 (m, 1H), 3.90-4.10 (m, 
2H). 4.35-4.75 (m, 3H). 5.68 (s, 1H), 6.65-6.82 (m, 1H). 6.98-7.40 (m, 11 H). 
5 IR (CHCl 3 ): 3613, 3600-3100 (br.), 3011, 2977, 2929, 2866, 1670. 1632. 1607. 1511, 1455. 1394, 1368. 

1158, 1075, 1047, 879, 823 cnr 1 . 
MS (FD): m/e 686 (M + , +1 ). 584 (1 00). 

Example 20 

10 

A. 3-N,N-(Dimethyl)rarbamoyl-6-methyl benzoate, methyl ester 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
9D, using 388 mg (1.08 mmol) of the titled compound of Preparation 7, and 176 mg (2.16 mmo!) of dimethy- 
ls lamine hydrochloride, and 0.5 mL of triethytamlne in 5 mL of methylene chloride. The resultant material was 
purified using flash chromatography (eluent of 20% ethyl acetate in hexane) to provide 226 mg of a clear oil. 
Yield: 95%. 

'H NMR (CDCI3): 5 2.61 (s, 3H), 2.90-3.20 (m, 6H), 3.88 (s, 3H), 7.24-7.30 (m, 1H) ( 7.43-7.48 (m, 1H), 7.98 
(d,J=1.63Hz ( 1H). 

20 IR (CHCI 3 ): 3029, 3007, 2954, 1723, 1628, 1509, 1487, 1437, 1401, 1304, 1258, 1151, 1099, 1081, 1007, 

978, 919,835cnrr 1 . 
MS (FD): m/e 221 (M*. 100). 



Analysis for C l2 H 16 N0 3 : 


Calcd: 
Found: 


C, 65.14; 
C, 65.37; 


H, 6.83; 
H, 6.73; 


N, 6.33; 
N, 6.09. 



B. (3-N,N-Dimethylcarbamoyl-6-methy0benzoic acid 

The subtitled compound was prepared using the procedure detailed in Example 1C, using 186 mg (0.84 
mmol) of the subtitled compound of Example 20A and 101 mg (4.20 mmol) of lithium hydroxide in 10 mL of a 
3:1 mixture of tetrahydrof uran and water, to provide 1 58 mg of a white solid. 
35 Yield: 91%. 

1H NMR (CDCI3): 6 2.67 (s, 3H), 2.90-3.40 (m, 6H), 7.32 (d, J=7.83 Hz, 1H), 7.45-7.65 (m, 1H), 8.12 (d, 
J=1.36 Hz, 1H). 

IR (CHCI3): 3700-2300 (br.), 1699. 1628, 1567, 1509, 1487, 1452, 1401, 1302, 1265, 1152, 1099, 1062. 
922, 834 cnr*. 
40 MS (FD): m/e 208 (M + +1), 415 (100). 





Analysis for C^H^NO^ 




Calcd: 


C, 63.76; 


H, 6.32; 


N, 6.76; 


45 












Found; 


C, 63.89; 


H, 6.28; 


N. 6.50. 



C. pS-ffl^4a^8a/^2'S^37?*J>2-(2^Hydro (di- 
50 methyl)amino-methyl}-6"-methy1)phenyl]pentyl decahydroisoquinoline-3-N-lbutylcarboxamide 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1D, using 165 mg (0.41 mmol) of the subtitled compound of Preparation 2B, 85 mg (0.41 mmol) of the subtitled 
compound of Example 20B, 56 mg (0.41 mmol) of HOBTKfeO, and 85 mg (0.41 mmol) of DCC in 2 mL of an- 
55 hydrous tetrahydrof uran. The resultant crude material was purified using radial chromatography (1mm; gra- 
dient eluent of 1-5% methanol in methylene chloride) to provide 76 mg of the desired compound. 
Yield: 31%. 

1H NMR (CDCI3): 8 1.16 (s, 9H), 1.20-3.50 (m, 29H), 3.95-4.22 (m, 2H) t 4.55-4.70 (m, 1H), 5.83 (m, 1H), 
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6.80-7.55 (m ( 8H). 

IR (CHCI 3 ) : 3650-3100, 2930, 2866, 1669, 1628, 1513, 1455, 1394, 1368, 1306, 1265, 1147, 1116, 1086, 

1048.910,837 cm- 1 . 
MS (FD): m/e 591 (NT), 490 (M*, 100). 



Analysis for C35H50N4O4: 


Calcd: 
Found: 


C, 71.15; 
C, 71.45; 


H. 8.53; 
H, 8.74; 


N, 9.48; 
N, 9.44. 



Example 21 

[3S-f3/^4a/^8a^2^3'S*J>2^^ 

thyi)a2a-3" f -pyrid-2 w "-ylpropyll-6 w -methyl)prienyl]pentyt decahydroisoquinoline-3-N-f- butyl carboxamrde 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1 D, using 1 03 mg (0.244 mmol) of the subtitled compound of Preparation 4G, 86 mg (0.27 mmol) of the subtitled 
2o compound of Example 9E, 33 mg (0.24 mmol) of HOBT*H 2 0, 50 mg (0.24 mmol) of DCC, and 102 uL of trie- 
thylamine in anhydrous tetrahydrof uran. The resultant crude materia) was purified using radial chromatography 
(2mm; gradient eluent of 0-6% methanol in methylene chloride) to provide 147 mg of the desired compound. 
Yield: 86%. 

1 H NMR (CDCI3): 6 1 .05 (s, 9H), 1 .1 0-2.24 (m, 1 6H), 2.40-2.60 (m, 4H), 2.85-2.96 (m, 1 H), 3.04 (s ( 3H), 3.37- 
3.45 (m, 1 H), 3.50-3.95 (m, 2H), 4.0-4.1 0 (m, 1 H), 4.35-4.65 (m, 2H), 4.70-5.00 (m, 1 H), 
5.49 (s, 1H), 7.14-7.50 (m, 9H), 7.53-7.63 (m, 2H), 8.56 (d, J=4.66 Hz. 1H). 

IR (CHCI3): 3600-3100 (br.), 3028, 3007, 2976, 2929, 1670, 1633, 1573, 1514, 1481, 1455, 1439. 1394, 
1368, 1276. 1247, 1077, 1047 crrH. 

MS (FD): m/e 700 (M + , 100). 



30 


Analysis for CssHrMO^ 




Calcd: 


C, 71.15; 


H. 8.53; 


N, 9.48; 




Found: 


C, 71.45; 


H, 8.74; 


N, 9.44. 



35 



Example 22 

[3S-f3RVa/^fia^2^3'S»Jfc2-(2^Hydrox^^^^ 
40 thyl)a2a-3 , "-pyrid-4 WM -ylpropyll-6 ,, -methyl)phenyllpentyl decahydroisoquinotine-3-N-f-butyicarboxamlde 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1 D, using 56 mg (0.13 mmol) of the subtitled compound of Preparation 4G, 50.0 mg (0.16 mmol) of the subtitled 
compound of Example 12E, 18 mg (0.13 mmol) of H0BT H 2 O, 27 mg (0.13 mmol) of DCC, and 54 u,L of trie- 
45 thylamine in 2 mL of tetrahydrof uran. The resultant crude matrial was purified using radial chromatography 
(1mm; eluent of 5% methanol in methylene chloride) to provide 56 mg of an off-white foam. 
Yield: 50%. 

'H NMR (CDCI3) : 6 1.03 (s. 9H). 1.10-2.60 (m, 20H), 2.85-3.05 (m, 4H), 3.35-3.45 (m. 1H), 3.55-3.95 

(m. 2H). 4.00-4.10 (m, 1H), 4.38-4.80 (m, 3H), 5.54 (s. 1H), 7.05-7.75 (m, 10H), 8.52- 
so 8.60 (m, 2H). 

MS (FD): m/e 700 (M*) 599 (100). 

Example 23 

55 [3S-f3^4a/^8a/^2^3'S*Jl-2-(2^Hydro^ 

(methyl)aza-3" , -pyrid-2 m '-ytpropyll-6 ,, -methyl)phenyl]pentyl decahydroisoquinoline-3-N-f-butylcarboxamide 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
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1 D, using 77 mg (0.16 mmol) of the subtitled compound of Preparation 3G, 38 mg (0.18 mmol) of the subtitled 
compound of Example 9E f 22 mg (0.1 6 mmol) of HOBT H 2 0, 34 mg (0.16 mmol) of DCC f and 68 uL of triethy- 
lamine in 3 mL of anhydrous tetrahydrof uran. The resultant crude material was purified using radial chroma- 
tography (2mm; gradient eluent of 0-6% methanol in methylene chloride) followed by radial chromatography 
(2mm; gradient eluent of 1-4% methanol in methylene chloride) to provide 81.6 mg of the desired compound. 
Yield: 67%. 

*H NMR (CDCI 3 ): 6 1.06 (s. 9H). 1.10-2.65 (m. 19H), 2.65-3.05 (m, 4H), 3.42-4.18 (m. 5H), 4.40-4.90 <m. 

3H), 5.63 <s, 1H), 7.10-7.90 (m, 13H), 8.53 (d, J=3.13 Hz, 1H). 
IR (CHCI 3 ) : 3600-3100 (br.), 3025, 3008, 2929, 1670, 1632, 1572, 1515, 1455, 1394, 1368, 1247, 1147, 

1077. 1047, 944, 816 cm- 1 . 
MS (FD): m/e 751 (NT +1 , 1 00). 



Analysis for C44H K N 6 0 4 S: 


Calcd: 
Found: 


C, 70.46; 
C, 70.46; 


H, 7.39; 
H, 7.19. 



Example 24 

[2S-ffft^2'Sr3'R*J]-1-[2'-Hy^ 

id-2""-yipropyi]-6"-methyl)phenyl]pentyl-(pyrid-3"-ylmethyl) piperazine-2-r4-(f-butyl)carboxamide 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Example 
1 D, using 67 mg (0.18 mmol) of the subtitled compound of Preparation 5E, 59 mg (0.15 mmol) of the subtitled 
compound of Example 9E, 21 mg (0.1 5 mmol) of HOBT H 2 0, 31 mg (0.1 5 mmol) of DCC, and 64 jiL of triethy- 
lamine in 3 mL of anhydrous tetrahydrof uran and 0.5 mL of dimethytformamide. The resultant crude materia! 
was purified using radial chromatography (1mm; gradient eluent of 5-8% methanol in methylene chloride) to 
provide 93 mg of the desired compound. 
Yield: 87%. 

'H NMR (CDCI 3 ) : 6 1.33 (s, 9H). 2.10-3.10 (m, 16H), 3.32-3.55 (m, 3H), 3.90-4.03 (m, 1H), 4.38-4.57 

(m, 2H), 4.65-4.92 (m, 2H), 6.23 (d, J=9.26 Hz, 1 H), 7.03-7.43 (m, 1 1 H), 7.55-7.91 (m, 
3H), 8.50-8.60 (m, 2H). 

IR (CHCI3): 3691, 3700-3100 (br.), 3025, 3007, 2976, 1634, 1553, 1512, 1480, 1455, 1427, 1405, 1366, 
1237,1151, 1077, 1048 cnr 1 . 

Example 25 

[3S-f3/?^4aR^8aR^2 , S^3^ # J1-2-(2 , -Hyd^oxy-3 , ■ phenylmethyl■4 , -aza-5 , -oxo-5'-(3 ,, -[r , -oxo-2 m -N , (me- 
thyl)aza-3'"-pyrid-2 w "-ylpropyl]-6 , '-methyl)phenyllpentyl decahydroisoquinoline-3-N-f-butylcarboxamide dt- 
methanesulfonate 

To a cold (0°C) solution of 1 00 mg (0.1 5 mmol) of the titled compound of Example 1 0 in 2 mL of anhydrous 
methylene chloride, was added 0.3 mL (0.30 mmol) of 1 M methanesulfonic acid (in methylene chloride). The 
resultant reaction mixture was reduced to dryness under reduced pressure to provide 122.7 mg of the desired 
compound. 

Example 26 

[3S-f3^4aR^a^2'S^3'S*J]-2-(2^Hy (me- 
thyl)aza-3' M -pyrid-2 ,> "-ylpropyl]-6 w -methyl) phenyl] pent yl decahydroisoqulnoiine-3-N-f-butytcarboxamide di- 
methanesulfonate 

The titled compound was prepared substantially in accordance with the procedure detailed in Example 
25, using 30 mg (0.043 mmol) of the titled compound of Example 21 and 172 uL (0.085 mmol) of 0.5M metha- 
nesulfonic acid (methylene chloride) in 2 mL of methylene chloride to provide 38 mg of the desired compound. 
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Example 27 

l$$-(3R m AaR',8aR^2'S* t 3'S m ))-2-{2-Hy4ro^^^ 

(methyl)aza- 3"'-pyrid-2' w -ytpropyl]-6 M -methyl)phenyllpentyl decahydroisoquinoline-3-N-f-butyicarboxamide 
5 dimethanesulfonate 

The titled compound was prepared substantially in accordance with the procedure detailed in Example 
25, using 35 mg (0.047 mmol) of the titled compound of Example 21 and 1 93 |&L (0.096 mmol) of 0.5M metha- 
nesulfontc acid (methylene chloride) in 2 mLof methylene chloride to provide 35 mg of the desired compound. 

10 

Example 28 

gS-ff^'S^R'JI-l-P'-Hydro 

id»2'"-ylpropyl]-6 H -methyl)phenyl]pentyl-(pyrid-3"-ylmethyl) piperazine-2-N-(/-butyl)carboxamide trimetha- 
15 nesulfonate 

The titled compound was prepared substantially in accordance with the procedure detailed in Example 
25, using 35.9 mg (0.051 mmol) of the titled compound of Example 21 and 312 uL (0.156 mmol) of 0.5M me- 
thanesutfonic acid (methylene chloride) in 1 mL of methylene chloride to provide 50 mg of the desired com- 
20 pound. 

As noted above, the compounds of the present invention are useful for inhibiting HIV protease, which is 
an enzyme associated with viral component production and assembly. An embodiment of the present invention 
is a method of treating or preventing HIV infection comprising administering to a primate in need thereof an 
effective amount of a compound of formula I or a pharmaceutical^ acceptable salt thereof. Another em bod i- 

25 ment of the present invention is a method of treating or preventing AIDS comprising administering to a primate 
in need thereof an effective amount of a compound of formula I or a pharmaceutical ly acceptable salt thereof. 
A further embodiment of the present invention is a method of inhibiting HIV replication comprising adminis- 
tering to an HIV infected cell, a cell susceptible to HIV infection or a primate in need thereof, an effective amount 
of a compound of formula I or a pharmaceutical^ acceptable salt thereof. 

30 The term "effective amount" as used herein, means an amount of a compound of formula I which is capable 
of inhibiting the HIV protease mediated viral component production and assembly. The HIV protease inhibition 
contemplated by the present method includes either therapeutic or prophylactic treatment, as appropriate. The 
specific dose of compound administered according to this invention to obtain therapeutic or prophylactic ef- 
fects will, of course, be determined by the particular circumstances surrounding the case, including, for ex- 

35 ample, the compound administered, the route of administration, the condition being treated and the individual 
being treated. A typical daily dose will contain a dosage level of from about 0.01 mg/kg to about 50 mg/kg of 
body weight of an active compound of this invention. Preferred daily doses generally will be from about 0.05 
mg/kg to about 20 mg/kg and ideally from about 0.1 mg/kg to about 10 mg/kg. 

The compounds can be administered by a variety of routes including oral, rectal, transdermal, subcutane- 

40 ous, intravenous, intramuscular and intranasal. The compounds of the present invention are preferably for- 
mulated prior to administration. Therefore, another embodiment of the present invention is a pharmaceutical 
formulation comprising an effective amount of a compound of formula I or a pharmaceutical^ acceptable salt 
thereof and a pharmaceutical^ acceptable carrier, diluent or excipient therefor. 

The active ingredient in such formulations comprises from 0.1% to 99.9% by weight of the formulation. 

45 By "pharmaceutical^ acceptable" it is meant that the carrier, diluent or excipient is compatible with the other 
ingredients of the formulation and not deleterious to the recipient thereof. 

The present pharmaceutical formulations can be prepared by known procedures using known and readily 
available ingredients. In making the compositions of the present invention, the active ingredient will usually 
be admixed with a carrier, or diluted by a carrier, or enclosed within a carrier which may be in the form of a 

so capsule, sachet, paper or other container. When the carrier serves as a diluent, it may be a solid, semi-solid 
or liquid material which acts as a vehicle, excipient or medium for the active ingredient Thus, the compositions 
can be in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, sol- 
utions, syrups, aerosols, (as a solid or in a liquid medium), ointments containing, for example, up to 10% by 
weight of the active compound, soft and hard gelatin capsules, suppositories, sterile injectable solutions, ster- 

55 ile packaged powders and the like. 

The following formulation examples are illustrative only and are not intended to limit the scope of the in- 
vention in any way. The term "active ingredient" represents a compound of formula I or a pharmaceutical^ 
acceptable salt thereof. 
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Formulation 1 

Hard gelatin capsules are prepared using the following ingredients: 



5 




Quantity (mg/capsules) 




Active ingredient 


250 




Starch, dried 


200 


10 


Magnesium stearate 


10 




Total 


460 mg 



15 Formulation 2 



A tablet is prepared using the ingredients below: 







Quantity (mg/capsule) 


20 


Active ingredient 


250 




Cellulose, microcrystalline 


400 




Silicon dioxide, fumed 


10 


25 


Stearic acid 


5 




Total 


665 mg 



The components are blended and compressed to form tablets each weighing 665 mg. 

30 

Formulation 3 



An aerosol solution is prepared containing the following components: 



35 




Weight 




Active ingredient 


0.25 




Methanol 


25.75 


40 


Propel tant 22 (Chlorodifluoromethane) 


74.00 




Total 


100.00 



The active compound is mixed with ethanol and the mixture added to a portion of the propellant 22, cooled 
45 to -30°C and transferred to a filling device. The required amount is then fed to a stainless steel container and 
diluted with the remainder of the propellant The valve units are then fitted to the container. 

Formulation 4 

so Tablets, each containing 60 mg of active ingredient, are made as follows: 

55 
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Quantity (mg/tablet) 




Active ingredient 


60 


5 


Stanch 


45 




Microcrystalline cellulose 


35 




Polyvinylpyrrolidone (as 10% solution in water) 


4 


10 


Sodium carboxymethyl starch 


4.5 




Magnesium stearate 


0.5 




Talc 


1 


15 


Total 


150 



The active ingredient, starch and cellulose are passed through a No. 45 mesh U.S. sieve and mixed thor- 
oughly. The aqueous solution containing polyvinylpyrrolidone is mixed with the resultant powder, and the mix- 
ture then is passed through a No. 14 mesh U.S. sieve. The granules so produced are dried at 50°C and passed 
20 through a No. 18 mesh U.S. sieve. The sodium carboxymethyl starch, magnesium stearate and talc, previously 
passed through a No. 60 mesh U.S. sieve, are then added to the granules which, after mixing, are compressed 
on a tablet machine to yield tablets each weighing 150 mg. 

Formulation 5 



25 

Capsules, each containing 80 mg of active ingredient, are made as follows: 







Quantity (mg/capsule) 


30 


Active ingredient 


80 mg 




Starch 


59 mg 




Microcrystalline cellulose 


59 mg 


35 


Magnesium stearate 


2mg 




Total 


200 mg 



The active ingredient, cellulose, starch and magnesium stearate are blended, passed through a No. 45 
mesh U.S. sieve, and filled into hard gelatin capsules in 200 mg quantities. 

40 

Formulation 6 



Suppositories, each containing 225 mg of active ingredient, are made as follows: 



45 


Active ingredient 


225 mg 




Saturated fatty acid glycerides 


2,000 mg 




Total 


2,225 mg 



50 

The active ingredient Is passed through a No. 60 mesh U.S. sieve and suspended in the saturated fatty 
acid glycerides previously melted using the minimum heat necessary. The mixture is then poured into a sup- 
pository mold of nominal 2 g capacity and allowed to cool. 

55 Formulation 7 

Suspensions, each containing 50 mg of active ingredient per 5 mL dose, are made as follows: 
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Active ingredient 


50 mg 




Sodium carboxymethyl cellulose 


50 mg 


0 


Syrup 


1.25 mL 




Benzoic acid solution 


0.10 mL 




Flavor 


q.v. 


10 


Color 


q.v. 




Purified water to total 


5mL 



15 



The active ingredient is passed through a No. 45 mesh U.S. sieve and mixed with the sodium carboxyme- 
thyl cellulose and syrup to form a smooth paste. The benzoic acid solution, flavor and color are diluted with 
a portion of the water and added, with stirring. Sufficient water is then added to produce the required volume. 

Formulation 8 



20 



25 



30 



35 



40 



45 



50 



55 



An intravenous formulation may be prepared as follows: 



Active ingredient 


100 mg 


Isotonic saline 


1,000 mL 



The solution of the above ingredients generally is administered intravenously to a subject at a rate of 1 
mL per minute. 

The following experiment (Fluorescence HIV-1 Protease Inhibitor Assay) was carried out to demonstrate 
the ability of the compounds of the present invention to inhibit HIV protease. 
As used herein, the abbreviations are defined as follows: 



BSA- 


bovine serum albumin 


BOC- 


f-butoxycarbonyl 


BrZ- 


2- bromo benzyl oxycarbonyt 


2-CIZ - 


2-chlorobe nzytoxycarbonyt 


DCC- 


dicyclohexylcarbodiimide 


DIEA- 


diisopropylethyl amine 


DTT- 


dithtothreitol 


EDTA- 


ethylenediaminetetraacetic acid 


FITC- 


fluorescein isothiocarbamyl 


HEPES - 


4-(2-hydroxyethy1)-1 -piperazineethanesulfonic acid 


MES - 


4 morpholineethanesulfonic acid 


PAM- 


phenylacetimidomethyl 


TAPS- 


3-[tris(hydroxymethyl)methy1]amino-1 -sulfonic acid 


TRIS- 


tris(hydroxymethyl)aminomethane 


TOS- 


p-toluenesulfonyl (tosyl) 



I. Preparation of Protease and Gag Fractions 
A. Culture of E. coll K12 L507/pHP10D 

Lyophils of E. coli K12 L507/pHP10D were obtained from the Northern Regional Research Laboratory, 
Peoria, Illinois 61604, under the accession number NRRL B- 18560 (deposited November 14, 1989). The lyo- 
phils were decanted into tubes containing 10 mL LB medium (10 g Bacto-tryptone, 5 g Bacto-yeast extract, 
and 10 g aqueous sodium chloride per liter, the pH was adjusted to 7.5 and incubated at 32°C, overnight). 

A small portion of the overnight culture was placed on LB-agar (LB medium with 15 g/L Bacto-agar) plates 
containing 12.5 uoVmL tetracycline in a manner so as to obtain a single colony isolate of E. coli K12 
L507/pHP1 0D. The single colony obtained was inoculated into 10 mL of LB medium containing 12.5 ug/mL tet- 
racycline and incubated overnight at 32°C with vigorous shaking. The 10 mL overnight culture was inoculated 
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into LB medium containing 12.5 ug/mL tetracycline and incubated at 32°C with vigorous shaking until the cul- 
ture reached mid-log phase. 

B. Culture of E. coli K12 L507/pHGAG 

5 

Lyophils of E. coli K12 L507/pHGAG were obtained from the NRRL under the accession number NRRL 
B-18561 (deposited November 14, 1989). A purified colony of E. coll K 12 L507/pHGAG was isolated, and used 
as an inoculum for a culture which was grown to mid-log phase in substantial accordance with the teaching of 
Step A, above, for E. Coli K12 L507/pHP10D. 

10 

C. Preparation of Protease Fraction 

A culture of E. coli K12 L507/pHP10D was grown to mid-log phase at 32°C in LB media containing 12.5 
ug/mL tetracycline. The cultivation temperature was quickly elevated to 40°C to induce gene expression, and 

is the cells were allowed to grow for 2.5 hours at this temperature before the culture was quickly chilled on ice. 
The cells were centrif uged and the cell pellet was resuspended in 20 mL of 50 mmol MES buffer (pH 6.0) con- 
taining 1 mmol EDTA, 1 mmol DTT, 1 mmol PMSF and 10% glycerol ("Buffer A"). Cells were lysed by sonication 
using a Fischer Model 300 Dismembrator and a microtip probe. Following centrif ugat ion at 27,000 x g, the 
supernatant was di luted to a total volume of 60 mL with Buffer A a nd loaded onto a 2.0x1 9 cm QAE-Sepharose 

20 column (1 mL/min, 4°C), that had been equilibrated in Buffer A The column was washed isocratically for 180 
min and then eluted with a gradient eluent of 0-1. 0M aqueous sodium chloride in Buffer A over 120 min. En- 
zymatic activity was measured by HPLC using the synthetic peptide Ser-Gln-Asn-Tyr-Pro-lle-Val as described 
in Margolin et at., Biochem. Biophys. Res. Commun., 167 . 554-560 (1990); the production of the pi peptide 
(Ser-Gln-Asn-Tyr) was measured. 

25 The active fractions were combined, made 1.2M in ammonium sulfate, and applied to a 2.0x18 cm hexyl 
agarose column that had been equilibrated in Buffer A containing 1.2M ammonium sulfate. The sample was 
loaded at a flow rate of 1 mL/min at4°C, washed with the equilibration buffer for 240 min (1 mL/min) and then 
eluted using a reverse linear gradient of 1.2-0M ammonium sulfate in Buffer A for 120 min at the same flow 
rate. The column was then washed isocratically in Buffer A for 120 min. 

30 The active fractions were combined, concentrated to 10 mL using an Amicon stirred cell with a YM-10 
membrane and then applied to a MonoS cation exchange column (1.0x10 cm) that had been equilibrated in 
Buffer A. The sample was loaded at a flow rate of 1 mL/min at 25°C. After washing isocratically for 30 min, 
the protease was eluted using a linear gradient of 0-0.45M aqueous sodium chloride in Buffer A over 40 min.. 
The column was washed isocratically in Buffer A containing 0.45M aqueous sodium chloride for 30 minutes. 

35 The active fractions were combined and concentrated to 200 \lL using an Amicon stirred ceil and a YM- 
10 membrane and then the protease was applied to a Superose 6 size exclusion column equilibrated in Buffer 
A containing 0.1M aqueous sodium chloride. The column was washed isocratically in this buffer at a flow rate 
of 0.5 ml/min, following which the HIV protease was eluted as a single peak. 

QAE-Sepharose, and hexyl agarose were purchased from Sigma Chemical Company. Superose 6 and 

40 MonoS were were purchased from Pharmacia. Buffers and reagents were obtained from Sigma. 

D. Preparation of Gag Fraction 

In an analogous manner, a culture of E. coli K12 507/pHGAG was grown to mid-log phase at 32°C then 
45 shifted to 40°C for about 4 to 5 hours. The culture was chilled on ice and centrif uged, then the pellet was re- 
suspended in 8 mL lysis buffer containing 5 mg/mL lysozyme. Lysis buffer was comprised of 50 mM Tris-HCl 
(pH 7.8), 5 mM EDTA, 1 mM DTT, 100mM NaCI, 1 ug/mLE64 and 2 ng/mLaprotinin. The culture was incubated 
about 30 to 60 minutes at 4°C, then briefly sonicated in a Branson® Cell Disrupter at 60% power, for three 20 
second bursts with chilling between each burst. The culture was then centrif uged at 15,000 x g. The super- 
50 natant, which contains the unprocessed gag protein, was partially purified by size exclusion chromatography 
on a Sephadex G-50 column and stored at -20°C in 50% glycerol and lysis buffer. 

II. Preparation of Substrate : N«»-Biotin-Gly-Ser-Gln-Asn-Tyr-Pro-lle-Val-Gly-Lys(N*-FITC>-OH SEQ ID NO:1. 

55 A. Preparation of N«-Biotin-Gly-Ser-Gln-Asn-Tyr-Pro-lleVal-Gly-Lys-OH SEQ ID NO:3. 

The protected peptide-resin N^Boc-Gly-Ser.Gln-Asr^Tyr(BrZ)-Pro-lle-Val-Gly-Lys(2-CI2)-OCH r PAM- 
' resin SEQ ID NO:2. was synthesized on an Advanced Chemtech Model 200 peptide synthesizer at 1.5 mmol 
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scale using the standard double-couple protocol. The amino terminal Boc group was removed with 50% tri- 
fluoroacetic acid in methylene chloride and the resulting resin neutralized with 5% diisopropylethylamine 
(DIEA) in methylene chloride. Then, 1.1 g (4.5 mmol) of biotin in 20 mL of dimethyisulfoxide was added to the 
peptide resin, followed by 4.5 mmol of dicydohexyl-carbodiimide (DCC) in 9 mL of methylene chloride. The 

5 resulting reaction mixture was diluted to 40 mL total volume using 11 mL of methylene chloride, and then al- 
lowed to react for approximately 5 hours. The reaction solution was concentrated, the resin washed sequen- 
tially with dimethyl sulfoxide, dimethylformamide and methylene chloride and then neutralized with 5% DIEA 
in methylene chloride. This reaction was repeated twice, with the reaction time being extended to 12 hours 
per reaction. Ninhydrin analysis of the resin indicated complete reaction of the biotin with the glycine amine 

10 group. The final peptide resin was washed extensively with dimethylformamide and methylene chloride and 
dried to provide 4.3 g (98%). 

B. Deprotection 

15 The peptide was deprotected and cleaved from the resin using 50 mL of a hydrofluoric acid/ro-cresol sol- 
ution, 0°C, 1 hour. After removal of the hydrofluoric acid by vacuum distillation, the m-cresol was extracted 
from the reaction mixture using 100 mLof diethylether. The peptide was then solubilized in 50% aqueous acetic 
acid, frozen and lyophilized to provide 2.14 g. 

20 C. Purification 

The crude N°-Biotin-Gly-Ser-Gln-Asn-Tyr-Pro-lle-Val-Gly-Lys-OH SEQ ID NO:3. was dissolved in 200 mL 
of a 5% acetonitrile in water solution containing 0.1% trif luoroacetic acid and then filtered through a 0.22 mi- 
cron filter. The resulting solution was applied to a 2.2x25 cm. reverse phase column of octadecyi-silica (Vydac 

25 C-18) which had been equilibrated with the same buffer. The peptide was eluted using an 855 minute linear 
gradient of 7.5-25% acetonitrile, at 2 mL/minute, with collection of fractions. These fractions were analyzed 
using Analytical HPLC was performed on a 4.6x250 mm Vydac C-18 column using similar buffer conditions. 
The fractions containing the desired material were combined, frozen and lyophilized to provide 1 .206 g (62%). 
Amino acid analysis of the isolated N^-Biotin-Gly-Ser-GlrvAsn-Tyr-Pro-lle-Val-Gly-Lys-OH SEQ ID NO:3. 

30 gave the following ratios: Asn 1.1; Ser 0.96; Gin 1.1; Pro 1.1; Gly 2.1; Val 0.80; lie 0.78; Tyr 1.1; Lys 1.1; in 
agreement with theory. Fast-atom bombardment mass spectrometry gave a molecular ion mass peak of 1288, 
in agreement with theory. 

D. Labeling 

35 

The purified peptide was labeled with a fluorescent marker at the C-terminal end for use in the Pandex 
assay. N«-Biotin-Gly-Ser-Gln-Asn-Tyr-Pro-lle-ValGly-Lys-OH SEQ ID NO:3 (1.206 g, 0.936 mmol) was dis- 
solved in 100 mLof 0.1 M sodium borate, pH 9.5. Then, a solution of 3 g (7.7 mmol) of fluorescein isothiocyanate 
in 15 mLof dimethyisulfoxide was added to the reaction mixture in 10 equal portions over two hours. The re- 

40 suiting mixture was allowed to react for one hour after the final addition. The solution was adjusted to pH 3 
using 5N hydrochloric acid, resulting in the formation of a precipitate which was removed by centrif ugation. 

The peptide solution was then adjusted to pH 7.8 using 5N sodium hydroxide and then diluted to 200 mL 
total volume by the addition of 0.1 M ammonium acetate, pH 7.5. The resulting solution was then filtered through 
a 0.22 micron filter and loaded onto a 2.2x25 cm column of Vydac C-18 which had been equilibrated with of 

45 5% acetonitrile in 0.1 M ammonium acetate (pH 7.5). The peptide was eluted from the column using an 855 
minute linear gradient of 5-25% acetonitrile, at 2 mL/minute, with collection of fractions. Analytical HPLC was 
used to analyze the fractions. The fractions containing the desired product were then combined, frozen and 
lyophilized to provide 190.2 mg (12%). 

Amino acid analysis of the purified peptide gave the following: Asn 1.1; Ser 1.0; Gin 1.1: Pro 1.1; Gly 2.1; 

so Val 0.8; lie 0.8; Tyr 1.1; Lys 1.0; in agreement with theory. Fast-atom bombardment mass spectrometry gave 
amolecular ion mass peak of 1678. in agreement with theory. 

E. Fluorescence HIV-1 Protease Inhibitor Assay 

55 The following buffers and solutions are used in the Fluorescence HIV-1 Protease Inhibitor Assay: 
MES-ALB Buffer 0.05M 4-morpholineethane 

sulfonic acid, pH 5.5 
0.02M NaCI 
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0.002M EDTA 
0.001 M DTT 
1.0 mg/mL BSA 
TBSA Buffer 0.02MTRIS 
5 0.15MNaCI 

1.0 mg/mL BSA 

Avidin Coated 

Beads Solution: 0.1% solution of Ruoricon Avid in Assay Par tides (Avidin conjugated to sol id polystyr- 

ene beads, 0.6-0.8 microns in diameter in TBSA Buffer 
10 Enzyme Solution: 27 lU/mL of purified HIV-1 protease in MES-ALB buffer (1 IU equals the amount of 

enzyme required to hydrolyze 1 uxnole of substrate per minute at 37°C 
To each well of a round bottom, 96-weII plate is added 20 \il of the Enzyme Solution followed by 1 0 ul of 
the compound to be evaluated in a 20% aqueous dimethyl sulfoxide solution. Purified HIV-1 protease was ob- 
tained as described above. The resulting solution is incubated for one hour at room temperature and then 20 
is \il of a solution containing the substrate. N°-Biotin-Gly-Ser-Gln-Asn-Tyr-Pro-Ile-Val-Gly-Lys(N«-FITC)-OH 
SEQ ID NO:1, in MES-ALB buffer (1.5 uJ/mL) is added to each well. The solutions are then incubated for 16 
hours at room temperature and then each well is diluted with 150 uL of MES-ALB buffer. 

To each well of a second round bottom, 96-well Pandex plate is added 25 uLof the Avidin Coated Beads 
Solution. Then, to each well is added 25 uL of the diluted incubation solutions, prepared above. The solutions 
20 are mixed thoroughly and the plates are loaded into a Pandex® machine, washed, evacuated and read. Sample 
detection was performed by excitation at 485 nm, reading the resulting epif luorescence at 535 nm. 

The iC M results obtained in the Fluorescence Assay for the compounds of the present invention are set 
forth below in Table 1. All values have been normalized to a positive control which is [1S- (1R* 4R* t SSf^N-il- 
(2-ajnino-2-oxoethyl)-2-oxo-3-aza-4-phenv^ 
25 2-quinolinyt carbox amide. 



30 



35 



40 



45 



50 



55 
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Table 1 

Inhibitory Activity of Formula I Compounds 

Fluorescence 
Assay IC 50 



Example np. 


in nq/mL 


Control 


1 . 0 


1 


5 . O 


2 


300 


3 


1000 


A 

4 


35 


5 


400 


6 


2.7 


7 


0.7 


8 


28 


9 


19 . 1 


10 


5.7 


11 


4.5 


12 


5 


13 


13 .4 


14 


16.1 


15 


6.6* 


16 


8.4* 


17 


5.6* 


18 


278* 


19 


5.3 


20 


185 


21 


14.8* 


22 


2.8 


23 


11.3 


24 


4.6 



Average IC50. 
,T. Not Tested 
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Table 1. continued 
inhibitor s Activity of Formula I Compounds 



Fxamole No. 

25 

26 

27 

28 



Fluorescence 
Assay IC 50 

in ng/mL 

N.T. 
N.T. 
N.T. 
N.T. 



* Average ICso* 
N.T. Not Tested 



Claims 



1 . A compound of formula I 



0 
II 

JZ 



0 

II 



/ \ / \ 



R 



H 




wherein: 

R and R° are independently selected from hydrogen, C r C e alkyl, aryt(C 1 -C 4 )alkyl ( heterocyde(C t - 
C 4 )-alkyl or unsaturated heterocyde(C r C 4 )alkyl; 

or R and R° are combined with the nitrogen atom to which they are attached to form a heterocycle 
or unsaturated heterocycle with the proviso that the nitrogen atom may not be quaternized; 

Z Is a group having the structure: 




(R 2 ) r 



(R 2 ) r 




(R ) 
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H 




qis 0, 1,2, 3 or 4; 
r is 0.1, 2 or 3; 
s is 0, 1 or 2; 

R 2 is hydrogen, halo, C r Ce alkyl, aryi(C r C 4 )alkyl, C r Ce alkoxy, C r Ce alkylthio, amino, C r C 4 al- 
kylamino, dKCVC^alkytamino, carbamoyi or N-(C r C 4 )alkyicarbamoyl; 

R 1 is aryi, heterocycle, unsaturated heterocycie, C 6 -C 7 cycloalkyl or-S-R 1 *, where R 1 * is aryl, het- 
erocycle, unsaturated heterocycle or C^Oj cycloalkyl; 

X is a group having the structure: 




Y is aryf or unsaturated heterocycle; 
Y 1 is heterocycle; 

R te is a group having the structure: 
1)-C(0)-NR*R* 



or 




R3t> i s a group having the structure: 

O 

1) — N—C— R 6 , 

a. 
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O 



R 



< 



or 



10 



is 



3) 



"\ y<s) ' 



20 



Pis4or 5; 
'is3,4or5; 

R 4 at each occurrence is inn 



50 



qisOorl; 
Xls 



40 



45 



,)3 - )3 



or a pharTOceJS haV ' n9 ,he 8truct «"» -C(0)-NR4R4 ^ 

armaceutfca,| y acce Pt able satt thereof ' * te « defined above- 

* raPharmaCeut,ca »^^P«a , b,esa,tt h ereof 
4. f3S- 
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